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Vocabulary in ESP:
" alexical analysis of the English of electronics
and a study of sem: technical vocabulary*

by
Paul Farrel

0 Introduction

‘This paper aims to show how an emphasis on vocabulary can con-
tributeto courses in English for Specific Purposas, using the data from
two lexical studias. The first study attempts to discover to what extent
there may bea general language of sclence, or sesmi-technical vocabu-
lary. This type of vocabulary would seem to offer a useful organising
principle for a lexical syflabus In common core ESP courses, and a role
for the ESP teacher who finds difficulty In dealing with technical
material. The siuoy Is conceniG i <avorate a definition of the term
semi-technical vocabulary using a combination of subjective and
objective crileria, and by applying these criteria to the word list from
the LOB Corpus study of a number of sclentific disciplines (Hofland &
Johansson 1982), draw up a list of the most prominont semi-technical
items. In section 4 there Is some Investigation of how this list might be
exploited in syllabus and materials design for common core ESP
courses.

Tha second study Is an examination of the lexical characteristics of
one special language, electronics English. In simple terms, this is a
iexical needs analysis; an attempt to give a group of special interest
lsamers the words that they need. Tha study is a count of the frequency
of occurrence of Rems (and other lexical data; see below) in 20,000

* This paper Is a revised and somewhat abbreviated version of a
dissertaticn submiited in September 1989 in fulfiment of the re-
quirements of the M.Phil. in Applied Linguistics, Trinity College,
Dublin,




words of electronics Engiish in ten 2,000-word samples. The entire
corpus Is examined, but the study aiso focuses specifically on the
semi-technical vocabulary of electronics, comparing Rt with the list
developed from the first study.

The analysis of the Engilish of electronics follows in the tradition of
register analysis in ESP, whichaims to identify grammatical and lexical
features of spectal languages and use this Information in developing
materials (Hutchinson & Waters 1987, pp.6t.). Hutchinson & Waters
refer to register analysis In ESP as & "stage” which occurred in the
1960s and 1970s, and express little interest in it: “... register analysis
revealed that there was very Iitle that was distinctive In the sentence
grammar of Scientific English ..."” (ibid., p.10). Here they seem to be
overiocking the lexical aspects of register, which may be far more
re.avant, as suggested by Sager, Dungworth & McDonald: “The non-
spechilist reader recognises the grammatical forms and structure of an
SE (Special English) text as those nommally used in written English.
Many of the laxical Rems which he encounters thers, howsver, are
likely to be either completely new to him or at least used witha meaning
differert from that with which he has previously been famiiar” (1980,
p-230). Simiarly, Johansson quotes Halliday: “the crucial criteria of
any given register ars to be found in its grammar and Its lexis. Probably
tions between the diferent registers are less striking ...” (Johansson
1975, p.1).

The weaknesses of frequency studies and word lists must be freely
acknowledged at the outset. The results of such studles, for example,
usually show a large number of words which are relatively rare, a point
made by Richards: “Statistical studies of word distribution vhow that
... & high percentage of words occur once only” (1974, p.72). inthe
present study 508 lemmas (see section 3 belowfor a discusslon oflem-
matization criteria) were found to occur more than 5 times and
accounted for 18,000 words (1.e. tokens), or 80% of the corpus, but a
greater number of lemmas, 750, occusmed less than 5 times (many of
these lemmimas representing only one occurrence of a graphic word),
and accounted for the remaining 10% {see section 3 below for definl-
tions of the terms lemma, token and graphic word). As Carrofl, Davies
& Richman put &: “This admbdure of large numbers of common words
with large numbers of rare words presents a kind of paradox that is the
plague of the English teacher” (1971, p.owil)). In addition, a list of
graphic words, or strings of chamacters, gives limited information:
“... ffiyisa frequent word, which particular meanings of theform fiy are
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frequent and in what proportions?” (Carter 1887, p.183). This Is a
disadvantage of the LOB Corpus data, which Is alist of graphic words.
inthe study of electronics English however, a weaith of syntactic and
semantic detall was recorded. Space timitations dictated the exclusion
of this detad from this paper, but t may be examined in Farrell 1989,
pp.132-202.

Anather difficulty is that the data generated from such studies rep-
resents a very conskierable abstraction from the original text sampies.
AsRossner puts R, “... language [is] inextricably bound up with context
of situation, and therefore quicksiiver, highly dynamic and unpredict-
able ... all that the lexicographers can offer the user is a selection of
definitions frozan in time and incapabie of admitting the vast rangs of
uses and meanings that are likely to attach themselves to lexical items
in the vast range of discourse types, skuations and contexts in which
they will occur” (Rossner 1985, pp.95¢.). One might validly query the
relevance of such text dissection and ask: “Why not give the leamers
the text itself and help them to understand #7” The answer to this
question is that this approach & not intended to replace using authen-
tic general or subject-specific texts to develop reading skills, but rather
to supplsment this by giving leamners lexically-specific exercises and
materials, based on empirical analysis of the special English they need
to study. The data from lexical studies will enable us to give promi-
nence in materials to lexical tems which leamers are likely to encoun-
ter frequently, and also 10 some of thelr common syntactic, semantic
and collocational pattems. Carter notes that lexical studies of this type
“offer Invaluable data for vocabufary materials development” (1987,
p.182).

Finaliy, there is the question of the extent to which the results of a
survey of 20,000 words of text may be truly representative of the laxical
characteristics of electronics English in general. The sample Is argu-
ably smatl, but ideal data would only be obtalned from an ideal corpus;
all taxts ever published in electronics English. Any survey will refiect
idiosyncrasies of the particular text samples chosen. There Is some
evidence that a smaller sample may be required In surveys of special
languages than in the case of general language: “Statistical data can
confirmthat special languages have a higher rate of repetition of lexical
itemsthan general language” (Sager et al. 1980, p.238). Sageret al. go
onto quote Alekseev, who in a survey of 35,000 words of electronics
English “established a coverage of 98% for the 5,000 most frequent
words, whereas 10,000 words are required to reach a coverage of 95%
in general language” (ibid.). This fact is a strong argument for a
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lexically-specific approach in ESP.

1 The role of the ESP teacher

smmm1mmmmammuuemﬂauy
in the demand for English language courses to cater for the special
needs of students of sclentific, technological and academic subjects,
and a consequent demand for a new breed of teacher; the teacher of
English for Specific Purposes. in his introduction to Episodes in ESP,
Swales liustrates this growth by noting the increase in the number of
items held in his ESP Reference Collection, from 30 in 1972 to 1300 in
1984 (Swales 1985, px). in spite of the obvious interest Swales and a
fow other writers have taken in ESP, in general teacher trainers, applied
lingulsts and others to whom the ESP teacher might look for guidance
mmmmmmmmm.ashm
denoedbyllnpauelydbooksmkblemﬂnablmﬂmdwmn
& Waters nate that “the great majorty of ESP teachers have not been
trained as such” (Hutchinson & Waters 1987, p.157). it is not surpris-
m,mmmwmewmgemmmmm
on ESP programmes ar» sometimes vague about their role. Those
who have recrulted them, in many cases managers of commercial
enterprises, may not be heipful in clarifying their role, having simply
identified a language problem and sssuming that the English teacher
will know how to go about remedying k. Subject teachers working
Wemmmmbemwwm
function of the ESP teacher. Several typical responsas to this confu-
slon, whether elaborated as a policy at senior level or simply adopted
as a strateqy by individual teachers, may be identified:

(a) Teachers make no particular attempt to adapt their teaching of
English to the specific requirements of the situation, butteach general
Engtish from general English textbooks. This is rarely adorted as a
deliberate policy, but safiects the reality of many programmes where
attempts on the part of English teachers to adapt their teaching have
foundered. Among the reasons for such fallure are the regative
attitudes which English teachers, usually Arts graduates, someatimes
have towards technical material (Hutchinson & Waters 1987, pp.1621.),
and the genuine difficulties they may experience § using technical
texts, particularly as a parallel technical course progresses. in an
English for electronics courss, for example, k may be quite teasible

initlaty for English teachers 10 use texts dealing with general principles
of electricity with which they may befamillar from their own secondary
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education, but as the material becomes more advancea they may find
themsaelves no fonger able to cope with the material, and may increas-
ingly refer lsamers’ questions to the subject teachers. This maylead to
a fowering of status in the eyes of the learners (ibid., p.164).
) Ancther reason teachers of English sometimes abandon attempts
to talor thelr teaching to the demands of the sclence course may be
faliure to establish good working relationships with subject teachers
(Hurchinson & Waters 1987, p.164). This relationship Is often marred
by negative attitudes on both sides. English teachers’ lack of enthusl-
asm for technical material, combined with feelings of inferiority arising
out of thelr usual lower status position (ibid.), may lsad to a reluctance
to become invoived in working out a co-operative approach with the
subject teacher. Subject teachers may feel puzzied about the role of
the English teacher, and concemed that in dealing with technical
material the English teacher, unqualified in the technical subject, does
not upset the technical programme through errors, pre-emplive teach-
ing, etc.

An examination of t e data generated from the electronics English
corpus In this study shows that lexical or syntactic features typically
emphasised in general English courses may not be particularly useful
to learners dealing with special English material. For example, some
syntactic features popular in general textbooks showed a very low
frequency of occurrence in the corpus; the present continuous oc-
curred 12 times, the past simple 6 times and hypothetical conditions
only 4 times. For ESP learners it hardly seems worthwhile spending
niuch classroom time on these points. In addition, the lexical empha-
sis, if any, in these general textbooks often seems to be on the names
of everyday objects aimost never encountered intechnical material, as
an examination of the data will show. For example, there Is a one-page
word list entitied “Vocabulary” givenat the back of Bullding Strategies
(Abbs & Freebaim 1984), a popular general course book for pre-
intermediate leamers, which Is entirely a list of everyday nouns, e.g.:
bookshop, museum, cupboard, lettuce, jeans, socks, etc. The selec-
tion of these items seems to be based more on their familarity
(Richards 1974, p.77) or avallablity (ib/d., p.75, see also section 2)
than their frequency of use in English generally. In addition, the
dectronlcsEtuishdatashowsﬂmtevencommongeneralwordsmy
be used in special ways in technical material. For example, the word
since Is found 22 times In the materlal as a discourse marker meaning
because, and notatalltorelat : a point of time inthe past to the present,
the way In which it is typically presented on general courses.




{b)AmondaﬂonddwabaverssemmmEW
teacher restricts himself to teaching general English and using gen-
eral material, but gives priority to syntactic forms which are i e likely
to occur in scientific writing: the passive, nominal compouds (L.e.
nmm/nmmwustnnﬂms:acardoor.aboatm. elc.), relative
clauses. However, the chief distinguishing features of special lan-
mmmmwmmm(mtmmm
above).

(c) Teachers use *‘common core” English for Sclence course-
books, such as First Course in Technical English (Beardwood et al.
1978) or Elementary Technical English (ebber & Seath 1963). This
lypedcoumbookanamﬁstonthneeGsdESPIeanmh
mwammmammmdmmmmum.
m&monsymaicmmhastfmpam,nunkmlm
pounds.sic.,vvhlchhavebeenhnﬂtohvoahighm:mcyd
occurrence in scientific and technical writing. The problem with text-
books of this type is again lexical; & text on industrial chemistry, for
mmple.wchasoomushomun&dﬂrsthsehTeclwﬂml
English, Book 2 (Beardwood et al. 1979), will contain technica! vo-
cabulary tems specific to chemistry. This creates an unnecessary
extra leaming burden for leamers who are following a course in a
technical area other than chemistry (this point Is discussed further In
section 4).

(d) Teachers may combine the above approaches with using
mmwm-mmumkmmmmw,m
handouts used by the subject teacher, in reading comprehension
classes. The chief difficulty here is the tec hnical vocabulary contained
in suchtexts, which may make the material inaccessible tothe Englisn
teacher (sce above). Hutchinson & Waters note that the English
teacher Is at a serious disadvantage in “trying to explain specific
vocabulary without the visual akds and expertise that the technical
coliege can produce” (1981, pp.561.).

(a) Occasionally, an ESP teacher may develop a genuine Interest
andexpevﬂselnmewblecf.mlsmybethemmeadanwutbns.
mmwmxmmn&mmmmmmm
subject the teacher may neglect the teaching of language-specific
skills, and become in fact a subject teacher.

(D Finally, sometimes an ESP teacher may have a technical back-
ground, and be thersfore both motivated and qualified to teach the
subject along with teaching English. This type of individual s a rarity,
however, and likely to remain so, for the simple reason that subject
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teachers are almost always pakd more than thelr English teaching col-
leagues.

The kemel of the question is to what extent and in what specific
ways the ESP teacher should adapt his/her teaching to sult the re-
quirements of the subject course. Should & be part of the ESP
" teacher’s jobto lear as much as possible about the subject, and i so,
how should this knowledge be put to use? Hutchinson & Waters
suggest that the ESP teacher should take an active interest in the
subject, but that this should not mean that he/she becomes a teacher
of the subject matter, but rather an interested rtudent of the subject
matter. Theyfee! that it is perhaps more important that the ESP teacher
maintains a positive attitude to the subjact, as a negative attitude on
his/her part may affect leamers’ motivation to leam the subject
(Hutchinson & Waters 1887, p.163). They then go on to ask a pertinent
question: what about the not unusual situation where the ESP teacher
Is faced with a class of leamers with differant subjact specialisms?
(ibid., p.165). Clearly, In this case a subject-specific approach s not
feasible. Kennedy & Bolitho mention the same difficuity and suggest a
common core approach In this situation: “Texts of a semi-4echnical
nature may be chosen, perhaps drawing on topics (such as poliution,
population, conservation, etc.) ... which would provide practice ina set
of skills, structures, functions and semi-technical vocabulary which the
students will meet In their specialist studies” (1984, p.50).

In summary, then, it seems clear that there Is a need to elaborate a
common core approach to ESP courses to help clarify the role of the
ESP!eacher.hpaﬂlcdmtohelptheESPleaclmwhomybeumble
or unwiling to become involved with the subject, and also to suggest
away forward for theteacher who Is faced with a class of learrers from
various subject specialisms. We have also seen that a common core
approach based on the syntactic features of subject speciatisms Is In
fact often used by ESP teachers and is the organizing principle behind
many existing ESP textbooks. Les? " ommon, and potentially more
valuable for leamers, are approaches based on the lexical “common
core” of special languages.

2 Semi-technical vocabulary

A number of writers in ESP have mentioned the notion of semi-
technical vocabulary (sometimes called "'sub-technical vocabutary”),
often listing hall a dozen Intultive examplas of such words (e.g.
Kennedy & Bolitho list the items reflection, intense, accumulate,

7

Q

10




tendency, isolate and dense; 1964, p.58), but few have attempted to
slaborate a comprehensivelist of such Rems based on emplrical analy-
sis, or made a serious attempt to define precisely what is meant by the
term “semi-technica! vocabulary”. These are objectives of the presant
study.

C.L Barber may have been one of the first to investigate the notion
of a general vocabulary of sclence, defining it as “high frequency
words not contalned in West's General Service List of English Words
(GSL) (1953)" (Sager et al. 1980, p.242) ina frequency study of 23,400
words from three texts (electronic enginnering, blochemistry and in-
strumental optics). His general sclentific vocabulary included:

nouns: equation, method, phanomenon, principle,

' process, seifes

qualifiers: accurate, complete(ly), considerable(y), .

constant, definite, positive, similar, sufficient{ly)

verbs: alter, approach, assume, consist, indicate,
obtain, occur, require, vary
(Sager, Dungworth & McDonald 1980, p.242)

Swales notes that Barber, “Like practically everybody else invoived in
English for Sclence and Technology, ... hoids the view that teaching
WWWWWMWWM
the competence of the English teacher”” (1885, p.17). Swales goes on
to quote Barber himsaif: “What the English teacher can usually hope
to do Is to teach a vocabutary which is generally useful to students of
science and technology - words that occur frequently in sclentific and
technical literature of different types” (ibid., p.18).

Kennedy & Bolitho suggest that the technical vocabulary of subject
specialisms arises in context in the specialist classes and Is not the
language teacher's responsibility, while “sub-technical” vocabuary,
or “words which are not specific to a subject speciality but which occur
regularly in sclentific and technical texts” and with which leamers
frequently find difficuity, should be given high priority in the language
programme (1964, pp.571.). Higgins aiso points out that “it is not the
job of the English teacher to teach technical vocabulary; it consumes
too muchtime, and he will probably not do R wall” (1967, p.32). Instead
he suggests that the English teacher concentrate on “frame” words, a
list of which he drew up in association with subject teachers, and
defined as “words which were causing difficuity, words which, al-
though not technical terms, are frequently used intechnical writings”.
He notes that the sclentist cannot teach these words property (Ibid.,

o 8 , 1
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p.32). This is the list he presents, ‘vhich does not seem to have been
based on a frequency count (he does not mention which areas of

sclence these Rems were taken from):
contain increase (n. & v.) separafe
Include, including  decreass (n. & v.) combine
consist of obtain boil/heat
record (n. & v.) determine b
consume react assemble
materials chemicals proportion
quality figures theory
average exceptional theoretical
similar identical pure
accurate inaccurate impure
exact approximate

Comparing Higgins' list with Barber's above, we find only two ltems
which occur on both lists: ebtain and accurate.

Robinson suggests an important role for semi-technical vocabu-
lary: “Coursebooks ... perhaps do not need to concentrate on the very
speclalized vocabulary items as students will get these from other
sources. Rather it is the sub-technicailevel which is often difficult”’. She
notes that Philips et al. found in a study of four agriculture textbooks
that only about 15% of verbs were specifically assoclated with agricul-
ture, whereas 60-70% were semi-technical, |.e. generally applicable to
sclience (Phillips et al. in Robinson 1980, p.71).

Wallace makes the point that an ESP learner who Is already knowi-
edgeable In his subject does not have to grapple with techmcal
concepis, but rather “tearn ... the label to attach to a concept that he
Is already familiar with”. He continues: “The serious problem ... is
probably not technical language as such, but the language framework
in which the technical exp.essions are placed ... sub-technical words
and expressions typical of academic discourse (that Is, words such as
ratio, approximate, hence, etc.) which tha subject spectalist may
assume that the student should already know” (Wallace 1982, pp.
171.).

Inman, In a study of over 100,000 words of scientific and technical
prose, distingulshed betweentechnical and sub-technical forms, adis-
tinction which was “essentially intuitively determined and was based
on the definition of sublechnica! vocabulary as context-independent
words which occur with high frequen.y across disciplines”. She found
that 9% of occurrences were function words, 21% technical vocabu-
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la ard 7% sub-technical vocabulary. She coiclixdes that R is "'sub-
technica' vocabulary which should be focused on in teaching sclentific
and technical English. Technical vocabulary ... Is best ieft to presenta-
tion through the discipline itsalf” (iInman 1978, pp.246#.).
in Jiscussions of semi-technical vocabulary it Is often suggested
that items of this type present particular difficulty for leamers (e.g.
Robinson, Higgins, Kennedy & Bolltho above). Richards presents
some interesting psycholinguistic evidence to support this view, quc
Liichea (1953} who noted three facts conceming vocabulary:
() After being read a text, students find it easier to recall the concrete
vocabulary in it than the structural words.

() Incerainaphasic condltions, words disappear in a definite order:
first proper names, then the names of things, then abstract nouns,
then verbs, and lastly grammatical words.

() When asked to list the vocahulary assoclated with a certain topic,
concrete nouns come to mind more easily.

Richards notes Michea's conclusion that these three factors Bustrate
the avallabiity of concrete vocabulary (Richards 1974, pp.75{.). Since
semi-toechnical Rems seem to be contaxt4ess and non-concrete (see
below, and Appendices A & D), and therefore less avallabie in Michea's
terms, we might conclude that they may indeed present greater diffi-
culty for leaarners than technical vocabulary, which often refers to
concrete tems of equipment, etc., suggesting an Important role for
semi-Hechnical vocabulary in ESP courses. Carter also notes that
"Concrete words are genseralty leamed first and are generally easierto
retain and recall. Abstract words may be more difficuit” (1887, p.152).

As we have seen, a number of ESP writers have expressed interest
inthe idea of semi-technical vocabulary. However, some of the defini-
tions suggested by these writers are less than rigorous, and in many
cases only a handful of examples are given, based on intultion, before
the writers go onto discuss something else. How are we to decide, for
exampile, just what Rems are “typical of academic discourse’ (Wallace
1982, p.18), once we have £ome to the end of Wallace's list of three
words? Barber made an early attempt to elaborate a list of semi-
technical tems based on empirical research, but the stidy covered
only three different scientific discipiines with a corpus of about 6,000
words in the case of each, a very small sample from which to make
generalizations about all sclences. Inman carrled out a study of
114,460 words taken from ten disciplines (biology, mathematics,
physics, chemistry and chemical engineering, geology, mining engl-
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neering, electrical engineering, civil engingering, mechanical engil-
neering, metaliurgical engineering), a considerable improvement on
Barber (Inman 1978, p.243). Unfortunately, the compieie results of her
research do not seem to be avaiable in published form. in her article
in Todd Trimble 1978 she lists only the ten most frequently occurring
sub-technical words: high, system, result, process, function, form,
temperature, large, solution, structure (Inman 1978, p.247).

Johans ‘on has carried out an empirical study of the vocabulary of
iearned and sclentific English, using the data generated from the
Brown University Corpus study (Kucera & Francis 1967). The Brown
Corpus consisted of over a million words, of which 160,000 fell into the
category of earnad and sclentific writing. Johansson elaborated a fist
of items "‘characteristic of SE” (Special English) based on a “diferen-
tial ratio” v/hich related the frequency of occurrence of tems in Special
Englishtothelr frequency in the general corpus (Johansson 1975, p.6).
The differential ratio could be used to define semi-technical terms,
though there are soma difficulties with this. (See below for a further dis-
cussion of Johansson's work).

Yang has recently made an important contribution to the discus-
slon of semi-technical vocabulary, In an analysis of the lexical charac-
teristics of a relatively large corpus of 300,000 words of sclentific text.
Yang noted that items with a high distribution (.e. number of text
samples in wiuch the llem Is tound) bt relatively low frequency
seemed torepresent notions general 10 all or most of the subject areas,
and called these "'sub-technical” words. (Yang 1986, p.88). (This
approach Is also discussed in more detall below).

it seems that the concept of semi-technical vocabulary has per-
haps not received quite as much attention as it deserves. This study,
then, Is in part an attempt to fill this gap; specifically, to formulate a
more precise definition of semi-technical vocabulary, to propose an
extensive list of such tems as a reference tool, and to explore what role
semi-technical vocabulary might have in materals design for ESP
courses.

The definition of semi-technical vocabulary which | propose, and
wiich | justify in detail below, Is as follows: Formal, context-independ-
ent words with a high frequency and/or wide range of occurrence
across sclen;¥ic disciplines, not usually found in basic general English
courses; words with high frequency acrose sclentific disciplines

A review of the various definitions of semi-technical vocabulary
given above shows that most identify frequency of occurrence across
diferent scientific areas as a basic criterion. As we have seen, Johansson
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used frequency of occurrence in different discipiines in elaborating a
fist of tems characteristic of Special English. He took the 1,000 most
frequent words on the list from Category J inthe Brown Corpus, which
was a subdivision of the main corpus consisting of 160,000 words in
the area of leamed and scientific writing. He then compared this list
with the 1,000 most frequent Rems on the list generated from the entire
corpus. Over 300 items from the Category J list did not occur &” all
among the 1,000 most frequent tems generally, presumably marking
them as characteristic of Special English, though Johansson does not
comment on the significance of this. These words inciude such items
as dsfined, contaln, coresponding, independent, which intuitively
seem characteristic of sclence generally, but also some subjoct-
specific items: hypothalamic, communism, philosophy, pulmonary
(Johansson 1975, pp.43-8).

Johansson then proposes a differential ratio to establish which
items are characteristic of Speclal English. This Is determined by
dividing the number of occurrences of an item in the Category J
material by the number of occurrences of the item in the corpus as a
whole, and muitiplying by a hundred, giving a percentage figure. For
axample, the ftem sample was found 48 times in the Category J
material, and 57 times altogether, yielding a differential ratio of 84.
Johansson continues: “As the material in Category J (80 samples,
162,117 words) accounts for approximately 16 per cent of the whole
corpus, a differential ratio of around 16 for an item means that it has
approximately the same frequency in the SE material as in the whole
corpus. A considerably higher or lower figure indicates that a word is
characteristic or non-characteristic of SE, respectively” (ibid., p.6).
The 1,000 most frequent items on the Category J fist are then pre-
sented, armanged in groups according to differential ratios: words of
ratlo 0-11, 12-22, 23-33, and s0 on. Words with a low differential ratio
are part of the general lexdcon, e.g. he, /, what, who, have a ratio of 0-
11. Johansson notes that the group of words of ratio 23-33 and subse-
quent groups “‘represent, at an increasing rate, words typical of SE”
{1875 p.16). The majority of the words on the lists of ratlo 23-33, 34-44,
45-55 and 56-68 (/bid., pp.15-20) seem to be part of the general vo-
cabulary of science on intultive criterla: items such as information,
process, analysis, surface, description, section, etc. As the difierential
ratlo Increases, however, the word lists become shorter, and most of
the items are now subject-specific. Here ls Johansson’s final list, tems
with a differential ratio of 89-100:
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bronchial detergent polynomial

hypothalamic dictionary questionnaire

optimal emission sampling

puimonary fiber shear

thyroid foam staining

anode foams substrate

binomial gyro substances

carbon index tangent

chiorine onsst urethane

coating oxidation varigbles
(Johansson 1975, p.21)

So it seems, as Johansson acknowledges, that *terms peculiar to
specific sclences appear with a very high differential ratio” (1975,
p-21). We could, then, use Johansson's differential ratio as an objec-
tive means of identifying semi-technical vocabulary, where the ratio of
an item falls in the middie range, between 23 and 66. However, if we
inspect these lists in Joharsson (ibid., pp.15-20), we can see that even
here quite a high proportion of tams are subject-specific, e.g. social,
education, funds, market, government, school, teacher, poetry, jus-
tice, religion. This may be due 10 the lack of any Information in
Johansson's study conceming the range of tems, or the number of
different text samples in which they occur (see beluw). Johansson
admits that this Is a difficulty (ibid., p.3). However, we should note that
hewas not primarily concermed with identifying the general vocabulary
of science, nor were his aims padagogical.

Frequency of occurrence across sclentlfic discipiines must remain
a basic test of which ltems are characteristic of sclerice generally.
Johansson only concerned himself with the 1000 most frequent items
onthe Category J Brown Corpus list in his discussion of the differential
ratio. The data from the LOB Corpus study (Hofland & Johansson
1882) also includes a list of the most frequent tems in a r..nber of
different sclences, with the advantage that a measure of range Is given
for every graphic word listed. It was therefore decided to use this data
rather than Johansson's in compiling a list of semi-technical vocabu-
lary, as range was feit to be of particular importance In elaborating a
definition of the term.

The LOB study camse later than the Brown Corpus, which was an
American English corpus, and was Intended as ths British English
smmmnwasorganlsedalongsunlarlmes,wﬂhthealmotmaklng
the data from the two studies comparable (Hofland & Johansson 1982,
p.1). Thus italso has a Category J, leamed and sclentific writing, which
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also contains 80 text samples of 2,000 words each, giving a corpus of
160,000 words. Text sampies were taken from the folowing subject
areas: natural sclences, medicine, mathematics, psychology, soclol-
phiosophy, history, iiterary criticism, art, music, technology and
engineering. The frequency list for category J in the LOB Corpus
should certainly give us words with high frequancy across sclentific
discipiines. However, as with Johansson’s data, some frequent Rems
are obviously contaxt-specific: school, for example, has a frequency
of 123.

2.1 Words with a wide range

Widdowson notes that in West's General Service List of English
Words (1953) "t was found that certain lexical Rems of high aggregate
frequency also occurred across a wide range of texts” (1963, p.92). He
uises the term “procedural vocabulary” for this ty: -9 of tem, and goes
on to Hustrats its role in defining specialised terminology: “... words of
wide ... range are especially useful for ... defining terms which relate to
particular frames of referenca ... such words function as a procedural
vocabulary for establishing the terms which characterise different
schemata” (1983 p.83). Widdowson gives the folhiowing entries from
the Oxford Advanced Leamer’s Dictionary of Current English to Rlus-
trate his point:

|innate: (bot.) (of a 1eaf) formed of small leaves on opposite sides

of a stem

pipette: slender tube for transferring small quantities of liquid, esp.

In chemistry
Widdowson notes that the terms pinnate and pipette, specific to
botany and chemistry, are definad by the use of common core or
procedural words (1983, n.93); semnl-technical vocabulary, in our
terms. Richards also notes the importance in pedagogical word lists of
tems which have “definition value”, lL.e. “words which help define
other words” (1974, p.74).

The word school, in spite of its high frequency In the LOB Corpus,
is intuftively not a word likely to be encountered in all scientific
disciplines. But ts low range, 13 out of 80 text samples, Is an objective
indicator of its restriction to a limited number of subject areas. Blood,
with a frequency of 83, Is another example. Again, t hasa low range of

5. Generally speaking, high frequency tems which are clearty not part
of the common cove vacabulary of sclence but are characteristic of

particular discipiines seem to reflect this in their low range: oxygen
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(63/6), coal (46/5), sodium (60/5), trade (63/11). Frequency alone,
therefore, Is an insufficient indicator of words prominent in science
M.Tobeslmlﬂcmtmuﬂssenseanuemsinldalsoma
high range.

The maximum range in the LOB Corpus category J is 80, thersfore
' ammwmummnwﬂntopdamm1
to 80. But of course the range figure Is limited by the frequency figure;
clearly, an temwith a frequency of 10 can only have a maximum range
of 10. Some items of the latter type, in spite of thelr low frequency
overall, seem to have significance in a list of semi-technical vocabu-
lary. The word otherwise, for exampie, occurs only 15 times but in 15
text samples; .e. it occurs with “maximum” range. Where the range is
maximum, or near maximum, this may be an indicator of tems which
mslgnmmmmewnnmmmmdm.mw
thelr absolute measures of range and frequency are low. If we add to
this objective measure an intuitive evaluation, olherwise seams like a
word generalizable to all areas of sclence, and therefore part of semi-
technical vocabutary. Range figures which are relatively high, then,
mayalsobeslgrmwu.Oﬂmmmesmlgmmﬂungw.whha
low frequency of 24 but a near maximum range of 20, obvious (23/19),
noted (22/19), whereas (24/19), established (23/19), related (26/22)
(see Appendix A for further examples).

Yang (1986, p.98) notes a simiiar characteristic of “"sub-technical’
words, observing that they have high distribution but relatively low
frequency. Although Yang's corpus of 300,000 words Is farger than the
LOB corpus, it Is divided into only 10 text samples, thus giving a less
subtie estimate of distribution. On the other hand, Yang's data gives
individual frequency figures In each text category, thus giving an
Insight into “evenness” of distribution. The list of sub-technical tems
Yangpmposes(lbh.,p.%)isshownbdm.ﬁaqumcyﬁgumheach
text category are given (the row of figures across the top refers to the
ten text samples):

1 2 3 4 8 6 7 8 9 10

absolute 3 14 7 3 7 14 5 17
accuracy 5 28 B8 6 11 3 17 18
act 5 66 15 11 8 18 33 5
basic 18 6 13 8 18 15 3 53 25
basis 2 7 18 4 19 1 17 7 9
bearing 1 2 1 1 3 5 9 1 1




1 2 3 4 85 686 7 8 9% 10
calculate 25 35 51 26 91 34 48 15 47
carry 18 4 11 5 119 5 3
conclusion 2 1 8 S5 11 6 10 4 65 3
decrease 13 7 10 13 31 15 12 3 32
define 16 6 11 6 18 31 &5 24 12
definition 7 26 15 5 61 15 17 13 26 1
eflect 63 144 103 43 42 90 28 43 24 1
sffsctive 27 21 13 26 3 8 1 13 1
electrical 6 686 27 82 26 1 22 11 14
face 2 6 4 1 2 2 4 2 9 A4
fact 12 31 59 6 22 68 51 50 43 14
factor 50 7 46 46 29 27 4 2 20
feaiure 24 3 5§ 8 4 8 2 8 8 1
give 145 71 120 53 42 23 101 21 95 37
increase 19 43 18 11 89 21 21 50 53 19
introduce 2 7 7 2 6 18 3 1 6 3
know 28 9 12 26 10 1 4 12 181
possible 48 42 45 14 22 35 42 52 60 14
problem 21 4117 20 54 81 9 7 64 2
rosuft 47 92 135 29 70 49 79 19 120
tota/ 17 88 85 30 39 76 27 30 8 2

2.2 Context-independent (non-technical) words

Widdowson defines common core of procedural vocabudary as
words which have a high frequency and wide range (see above). and
notes that ‘‘these ‘common core’ items are not schematically bound”
(19€3 p.82). As noted above, In most cases context-specific items
identify themsalvus by thelr iow range; thus /nvestment, clearly a term
from aconomics, occurs 32 times but in only 5 out of 80 text samples.
However, in some cases Rems which by intuitive criteria seem bound
up with a particular context have a not insignificant range: war, for
example, has a range of 21. Other Rems have a low range absolutely
and relstively and yet infuitively seem generalisable: particu/arly, tor
example, has a frequency of 53 and a range of 9.

Yang notes that his sub-technical words represent notions general
to all or most of the subject areas, as most of them seem to do;
however, the word electrical seems out of place In such a list. Yang's
corpus seems somewhat blased in the direction of physics, which
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might account for this, together with his concem to elaborate objective
statistical definitions only. But these examples Elustrate the need to
apply subjective as well as objective selection criteria 1o arrive at a list
meaninghul in pedagogical terms, or perhaps even intheoreticalterms.
Richards, inan article on frequency lsts, has also made this point:
" "...subjective and objective measures of vocabulary selection need to
be combined if the validity and utility of such lists are to be improved”
{Carter & McCarthy 1988, p.10). if we are toisolate context-independ-
ent words then we must eliminate a few words with a relatively high
range which we intuitively determine to be characteristic or a particular
subject area, as well as those with a low range, while a fow low range
items may be included as semi-technical tems on subjective criteria.
However, objective measures of frequency and range (Including
relative range) supply most of the tems on our semi-tec! inical list; the
number of ltems 10 which we must apply subjective criteria is small.

2.3 Words not found in general courses

if we used the definition of high-frequency words alone, we would
then include the frequentty-occurring grammatical words which head
the categoty J list: the, and, of, in, etc. Barber eiiminated basic or
general words by not including words found in West's General Service
List of English Words {1953) in his list of the ger.cral vocabilary of
science. Our elimination of general words will be based on an intuitive
evaluation of what words would be likely to occur in general or basic
English courses to a lower intermediate level. in addition to the very
frequent grammatical words mentioned above, many other general
words occur among thafirst 100 items onthe LOB list: can, will, would,
should, which, where, what, for example.

A more objective way of defining general words might be to apply
some of Carter'stests for core vocabulary (1987, pp.35-42), as follows:

1. Syntaciic substitution: In this 1cst a word Is defined as core if it can
substitute for others, but not vice-versa, thus eat can substitute for
gobble, dine, devour, etc. (Carter 1987, p.35). An example fromthe
electronics material would be make, which can substitute for pro-
duce, generate, construct, build.

2. Collocabiiity: Here an item Is said to be core if it contracts a wkie
runge 2 collocations and fixed expressions (Caner 1987, p.36). In
this study grammatical words like in and as seemed to have the
highest number of different collocations (see Farell 1989, Appen-
dix F). '

3. Associationism: Thistest identifies core wordsvhora they tall inthe
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mid range of assessment scales of formality /informallty, strength/
weakness, and positive/negative meaning, as rated by informants
(Carter 1987, p.40). Certainly many of the words on our general list
would seem to be neutral interms of formality, and contrast inthose
terms with semi-technical equivalents (see below), e.g. easy v.
simple, keep v. maintain.

4. Frequency: Carter alsc notes that frequency of occurrence s a
central criterion of core vocabulary (1987, p.43). Many of our
genern! words are among the most frequent in the material.

While two of Carter's tests could be successfully applied to semi-
technical words, l.e. frequency and a test for “neutral field of dis-
course”, which seems to identify context-independent items (1987,
p.41), semi-technical words would fall on many of his cther tests.
Indaed, a further element of the definition of semi-technical vocabulary
seems 1o be that it is non-core vocabulary; elsewhere Carter refers 10
the notion of core vocabulary as a "basic core vocabulary for initial
language leaming purposes” (1967, pp.33¢.), a definition which clearly
cannot be applied to semiHechnical words.

2.4 Formal words

Most writers interested in semi-technical vocabutary seem to list
relatively formal items, though this does not usualfly form part of the
definition; in complling a list of semi-technical vocabulary obtain will be
preferred to get, produce 10 make, occur to happen, stc., thus falling
Carter's test of 'assoclationism” above. Mackay & Mountford note
that the vocabulary of ESP often conslists of words which are “more
formal equivalents to words and phrases of the “common core” of
English, a.g. ... residue, derived from, composed of’ (1978a, p.145).
Herbert also drew attention to the formality of semi-technical vocabu-
tific, but which belongto the phrasaclogy of science. These are usually
formal, dignified and foreign-sounding words, like extend and propa-
gate and obviate and negiigible ..." (Herbert in Swales 1985, p.i8).

if we then apply all the above salection criteria to the LOB Corpus
category J list (Hofland & Johansson 1982), eliminating general, con-
text-specific and low frequency/range items (l.e. all tems with a
frequency of less than 20), we arrive at thae list of items which may be
found in Appendix A, and which Is proposed as a list of the general
vocabulary of sclence, or semi-technical vocabulary. The ten most
frequant Rems on thls list are: per cent, however, form, point, results,

fleld, arsa, possible, even, general. Two of these correspond with
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Inman'’s list of the ten most frequent sub-technical Rems: form and
resuits. Of the 26 Rems on Barber’s list of the general vocabulary of
scisnce, 16 are found to occur on our list: method, principle, process,
serigs, compiate, caompletely, considerable, constant, siméar, sufficlent,
sufficiently, approcch, indicate, obtaln, occur, require. Of Yang's list
" of 27 sub-technical tems (see pp.15f. above), 14 occur on the list
derived from the LOB corpus, and are all significant items in terms of
frequency and range: accuracy, act, basis, definition, effect, effective,
fact, factor, increase, know, possible, problem, resudt, total. Using
only intuitive criteria, Higgins Inciuded In his list of 34 items 12 which
occur on the LOB-derived list: including, materials, average, similar,
increase, obtaln, determine, figures, separate, proportion, theory,
theoretical.

3 A lexical study of the English of electronics

3.1 Vocabulary in ESP

We have mentioned above the long-standing neglect of vocabtisary
in language teaching. Candlin feels that this is due, in part, to “the
overwheiming concentration in finguistic theory ... on Issues of syntac-
tic structure”. He goes on to point out, however, that “the study of vo-
cabtdary s at the heart of language teaching and leaming, interms of
the organization of syilabuses, the evaluation of leamer performancs,
the provision of leamning resources, and, most obviously, because tis
how most leamers see language and its learning difficulty”” (1988,
p.vil). Undoubtedly syllabuses in EFL. coursebooks have tended to
look to either syntactic categories or language functions for an organ-
izing principle. Renouf, In a survey of nine major EFL courses found
that the vocabulary was regarded “merely as the means of exempiify-
ing otharfeatures of thelanguage ... it s not ... organised khand for tself
..." She notes that while word lists are often included in coursebooks,
it is not clear what this signifies: “Many words which occur several
times in the body of the book are not acknowledged at all, whilst official
teaching words sometimes receive very little reinforcement, with somie
occurring only twice In the entire volume” (Sinclair & Renouf 1988,
p.142). Kennedy & Bolitho stress the particular Importance of vocabu-
lary in ESP courses: *'... it is dangerous - perhaps more so In ESP than
in general English - to assume that vocabulary will take care of ttself ..."
(1984, p.56). However, Hutchinson & Waters (1887), in an otherwise
excelient book on ESP, devote only a quarter of a page to the subject
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Swales notes that in LSP “the lexical ieval ... has been neglected *
(1983, p.22). He goes on to evaluate some relatively recent ESP
coursebooks in terms of their treatment of vocabulary. He is scathing
about the preoccupation some ESP course writers have had wit ref-
erence items: "If we examine the Focus series (Allen & Widdowson
1974), we can see that comprehension work on individual lexical tems
islargely devotedto ... tems suchas i, this, them" (1983, p.22). Swales
gueries the extent to which such reference items present a real
lenguage problem for lsarners, and suggests that this type of material
“was included at the expense of neglecting to ensure that the leamers
had a level of vocabifary sufficiently high for them to undertake ...
relatively advanced reading tasks” (1983, p.22). He notes the same
neglect in Reading and Thinking in English (Widdowson 1979) and
SkHis for Learning (Morais 1983): “... long experience indicates that it
is counter-productive to attempt to develop advanced reading skiifs on
texds that contain even a single-figure percentage of wo-ds that are not
known by the readers” (1863, p.23).

if we accept the need for a lexically principled approach in syllabus
design, we must then address the issue of how to go about selecting
items for inclusion in a word list which will be useful pedagogically.
intultive criteria have been used. for example Richards’s “Basic Eng-
lish” list of 850 words (Carter 1987, pp.221.). Caner, as we have seen,
has proposed the notion of core vocabulary. One of Carter’'s criteria for
dsfining core vocabulary Is frequency of occurrence (see p. 18 above),
a basic criterion often used in drawing up pedagogical word lists.
Sincialr & Renouf suggest that It seems re=sonable ... to propose that,
for any ieamer of English, the main focus of study should be on the
commonest word forms in the language ..."' (1988, p.148). in addition
they nate the importance of the central pattemns of usage of these
words, and the combinations which they typically form (1988, p.148).
Sinclalr has besn invoived in the COBUILD project at Birmingham
University, alarge-scale frequency count of 20 million words of spoken
and written texd. The data from this study has been used in complling
adictionary and informing a lexdcal syfiabus for a series of EFL. course-
books (Wiils & Wills 1968). In reviewing the COBUILD project Carter
notes that "knowing the most frequent words and the predominant
patterns into which they enter Is essential for language leamers and
their teachers” and “introspective or intuitive knowledge onthe part of
native speakers may not be sufficient” (Carter 1989, p.33).

Sinclalr & Renouf note that the results of frequency studies some-
times seam counter-intultive, for example the finding from the CO-
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BUILD study that the first and second most frequent uses of see occur
inthe phrases you see (an indication of interactive concem in spoken
discourse) and / see (a response maaning “l undeistand”), ratherthan
seeing through one's ayes (Sinclair & Renouf 1988, pp. 1511.). This
underiines the weakness of using intuitive selectional criteria. Sim!-

" larty, In the present study of electronics English now was found to

occur 33 times as a discourse marker, meaning in fact “then®, “after
that®, and only once inthe sense which might be expected to be central
ot basic for this word: today”, “at present”.

Sinclair & Renouf point out that most attempts to create lexical
inventories for syllabuses have been concemed with general purpose
English programmaes, while the needs of a specific group of Isamers
are usually easler to identify (1988, p.148). One of the difficulties they
acknowledge Is the fact that the most frequent words In the Birming-
ham Corpus are function words and low in information content: ... it
would be difficuit to construct a motivating course based entirely on
the 200 words lsted above” (Sinclair & Renouf 1988, p.150). By
contrast, a glance at the first 200 items in the list from the present study
of Electronics English (see Appendix C) shows a rich variety of tems
which could be used in materials.

Discussions of needs analysis in ESP seldom give much attention
to lexis; in Hutchinson & Waters’ chapter on the subject the “lexical
features” of aryet situations we mernitioned in passing, and that is all
(1987, pp.53-64). But lexical research of the COBUILD type has even
greater potential for ESP than general English courses, as it Is much
easier to identify recurvent lexical features of restricted registers; this
type of research may be seen as a kind of lexical needs analysis.
Praninskas notes that “For as long as | have been teaching English,
language students have been badgering me for lists of important
words"” (1972, p.7). Accordingly, Praninskas decided to prepare a list
of words of high frequency in the textbooks students were required to
read In the first year of study at the American University of Beirut. This
list was used as data for teachers and materials writers planning
vocabulary lessons, and in developing a vocabutary course. Praninskas
concludesthat ‘“The vocabulary course ... has been taught for the past
two years with most gratifying results. Students enthusiastically repo«
the relevance of the words in their lessons ..."” (1972, pp.7-9). In a
similar way, it is hoped that the following study of the English of
elactronics can make a contribution to subject-specific ESP course

design.
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3.2 The corpus

The corpus consists of ten 2,000-word samples of running text in
the area of electronics (including basic electricity), totalling 20,000
words in afl, aach text sampls being taken from a different textbook.
The following critetia were used in the selection of text samples:

(a) Relevance: From the author's experience of participating as an
ESP teacher on a training programme for electronics technicians,
texts were selected which seemed typical of the material likely to be
encouniered by leamers on such programmes.

{b) Style: An informal inspection of a number of textbooks used in
secondary schools and universities showed a variation in writing
style, with consequent variation in the lexicon, from the almost con-
versational style of Physics /s Fun (Jardine 1972: ref. In Appendix E)
! the formal sclentific prose of Essentials of Higher Physics
(Webster 1983: ref. in Appendix E). Accordingly, an attempt was
made to Include text samples represeniative of different wring
stytes.

{c) Topic variation: Again, an informal inspection of avallable material
showed that a particular sub-fleld of study within the broad area of
electronics would yleld tems with a high frequency of occurrence
which might not be met at all in texts dsaling with other topics. This
perception was confirmed by the data: for example, the item
transistor showed a relatively high frecuency of 56 occurrences,
but was found in only 2 of the text sampies. This underiines the
importance of a measurement of range even within a single register
in deciding what lexical items should be given priority in a subject-
specific programme. To avok! skewing the resuits in favour of any
particular sub-field In electronics (e.g. the oscllloscope, radio) an
attempt was made to include text samples from as many different
areas a8s possibie. The text sampies which form the corpus are
listed In Appendix E.

3.3 Coliaction and presentation of the data

I, any study of lexical frequency, the first issue to be settied Is what
exactly we mean by an occurrence of aword. inthe American Heritage
frequency study (Carmroli et al. 1971) the following definition of a word
was adopted: “A word Is defined as a string of graphic characters
bounded left and right by space” {/bid., p.xitl). The authors acknowi-
edge the limitations of such a definition: “This definition Is insensitive
to differences In meaning and function; it treats all words speiled the
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same way as the same word” (ibid., p.vi). If this definition had been
used for the present study the separate occurrences of the verbs
conduci (electricity) and conduct (an experiment) would have been
listed as an occurrence of the same item, as woukd the occurrences of
_ about as a preposition and as an adverb meaning “approximately”.

This is clearly unsatistactory, such semantic information is essential if
the resultant word list is to be useful pedegogicatly (see Farrell 1989,
Appendix E). The LOB Corpus study used a simliar definition: “A
graphic word Is defliied as a sequence of alphanumeric characters
surrounded by spaces” (Hofland & Johansson 1982, p.7). Again the
authors acknowiedge its deficlencles: “Our rank list shares the wesi-
nesses of other similar listings. As it Is based on graphic words, & does
not specify ... the frequency of the various senses of lexical fems”
(Hofland & Johansson 1982, p.20).

A second guestion which such a definition raises Is whether it
makes sense to separate occurrences of related derivational and in-
flectional forms; for example, varying, varies, vary, variation, varied,
variable, various, variety would be listed separately in a frequency list
basad only onthe above definition. They would, however, fall together
naturally in an alphabetical list. But forms related Inflectionaily and
speiled very differently would not be found together on either a
frequency or an alphabetical list; for example the various forms of the
verb fo be, whether as main verbs or auxdiliaries: is, be, are, was, being,
been.

Inaddition, such an approach gives us no syntactic information; so,
for example, the form were as a main verb In the past simple, as an
auxilary In the past simple passive, and as a subjunctive verb in a
hypothetical conditic - would all have been counted as the same
occufrence.

And finally, multi-word items which form a single semantic unit
would be broken up and listed separately. This type of item seemed to
occur much less frequently in the electronics corpus than in general
English, but was found: come to rest, for axample.

inman, in her frequency study of scientific and technical prose (see
pp.9t. above), linked derivational and inflectional bound morphemes
and reduced them to a single base form for the maln list, while keeping
a record of the bound furms for use in constructing vocabulary and
reading comprehension exercises {1978, p.243). it seems clear that
from a pedagogical point of view Inflectional and derivational forms are
best linked, so a simiar approach has been adopted In presenting the
data from this study: that is, one of the lists (Appendix C) Is a
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condensaed list of base forms or “lemmas” (see below), while the
alphabetical list (Appendix 8) gives afl the graphic words which: have
besn grouped under a particular lemma. Detaled semantic and gram-
matical information for each graphic word may be found in Farmell
1989, Appendix €.

it seems from the above discussion that not one, but several
definitions of the term “word" are needed. What do we meanwhenwe
say that the corpus consists of 20,000 “words”, for example? This, of
course, describes the number of occurrences of any graphic words,
including repeated occurrences of the same graphic word; so 2034
occurrences of the = 2034 words. Some researchers have used the
term “token" herg, 8o the 2034 occumrences of the would be 2034
tokens. The term “type® Is then used to refer to a string of characters
which occurred at any time in the corpus, Le. the k one type in the
above example (Barber 1962, p.4). Theterm “type” wo ddthen ba inter-
changeable with the term “graphic word™, L.e. auny. . string of char-
acters which occurred in the corpus. And I, as wi huve seenabove, it
becomes useful for pedagogical purposes to group occurrences of
inflected and derived forms, we may need to elaborate a definition of
a "basic” form to represent all these forms in a condensed list, or to
head an entry containing these items. Sinclair uses the term lemma’
to represent afl the inflected forms of the verb (1985, p.84), and this
seems to be accepted lexicographic practice; for example, carry may
represent carry, carries, carmying, carmied. Here carry Is an abstract or
theoretical construct which may have carry as one of its graphic word
or word form reallzations (Carter 1987, p.8). What is not so clear Is
whether it is also acceptable to use the verb infinitive to represent
derivations which belong to word classes other than verbs (Carter
1987, p.1C), for example, to use emit to represent emitter and emission
as well as emit, emits, emitting and emitted. Much is often made of the
distinction between inflections and derivations (e.g. Carter 1887, p.10),
but this distinction breaks down when we find forms such as changing
and cherged being used as adjectives: changing voltage, applied
voitage. Indeed, present participle and past participle adjectives were
relatively frequent in the corpus (see 3.6 below). Sinclalr makes a
similar observation: “... the classification of declining as verbal Is a
misleading convention; 26 cf its occurrences are noun modifiers,
closest In syntax to the word class adjective” (1985, p.87). And, of
course, nouns and verbs sometimes take the same form, e.g. supply
or charge. So there seems to be a case to be made for extending the
term lemma" to include derived forms. However, the question here s
27
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whether such a theoretical construct is a satisfactory way of represent-
ing the data gathered in a frequency study. For example, does it make
sensa 1o use resist 1o represent occurrences of resist, resists, resis-
tance and resistor when res/st occurred only once but resistance 63
times and resistor 47 times? And what about a group like insufated,

' Insulator, insulating and insulation, where the verb infinitive did not

occurat afi? Then there are groups of graphic words whichdo not have
a verb infinltive derivative, for example, accuracy, accurate, accu-
rately. As Sinclalr poirts out, “Lemmatization looks falily straightfor-
ward, but Is actuafly a matter of subjective judgement by the re-
searcher. There are thousands of decisions to be taken” (1985, p.84).
From a pedagogical point of view the best solution might be to make
a subjective decision in each case based on utility in language
teaching terms, which was the approach adopted in Farrefl 1989.
Howasvaer, this inevitably resulted in inconsistent decisions: for ex-
ample, insuidate was used 10 represent insulated (6 occurrences), Insu-
lator (5), insuiating (2) and insufation (1), where insulate did not itself
occur. But collector was used 1o tepresent collector (35) and coffec-
tion {(10) where coflect did not occur, because of the relatively high
frequency of coflector. For the present publication it was decided to
adopt a simple objective lemmatization policy which Is easy to apply
and consistent: adopt the most frequent graphic word as the lemma for
each group. This means, for example, using moving as the lemma for
moving, move, motion, moves, movement and moved. This may sesm
out of line with laxicographic practice; however, as frequency is a basic
criterion by which the lists are drawn up, and 's important pedagogi-
cally, it would be preferable to maintain a relationship with frequency
in specifying the lemma. Sinclair notes that "'a case could be made ...
that the most frequently-encountered form should be used for the
lemma"” (1985, p.84).

The frequency and range of each graphic word grouped under a
lemma has been added together to give an overafl frequency and
range figure for the lemma. Lemmas are listed In rank order of
frequency and range In Appendix C. The lemma then serves as a
reference point on the condensad list fromwhich to proceed. One may
not agree with the lemmatization palicy, but all the graphic words
which occurred may in any case be found in the alphabetical list
together with the rank position of the lemma In the condensed list.
Then, if more information Is required conceming the frequency of
individual graphic words, or of different senses of a graphic word, or of
its different grammatical functions, or of its occurrence in collocations
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or idioms, the detalled fist in Famell 1989 may be consuited (pp.132-
202). A page from this list is shown below in Bustration:

147. all (det.) 18- 8- 14761
148. 18- 7-14779
form
(n.) (= "shape’) 8-2
(v.) (= "‘make") 5-4
(n) (= type) 3-2
(n. pl) (= type") 1-1
{n. pl.) (= "shape”) 1-1
forms (v.) (= “makas®) 1-1
formed (pass. v.) (= "made”) 1-1
18- 7-14797
for example
(discourse marker) 9-6
axample
(n.) 6-3
(n. pl.) 3-3
however 18- 7-14815
(discourse marker)
148. 18- 6- 14833
acts (v.) 6-1
act (n.) 4-4
action (n.) 4-2
actual (adj.) 2-1
acting (pres. cont.
rel. del.) 1-1
actually (adv.) 1-1
case 18- 6 - 14851
(n.) (= "eventuality”) 11-6
(n.) (= "casing”) 4-2
(n. pl)(n ‘eventuality”) 3-1
18- 6 - 14869

down
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(prep.) 12-6
(write) down 2-2
downward (adj. attrib.) 3-1

As graphic words are listed in these entries in order of frequency
' (and rangse), the most frequent graphic word, 1.e. the lemma, Is found
first in sach entry. (The lemma Is the most frequent graphic word, soin
the case of for example above, where an idiom Is the most frequent,
exampie would be the lemma). Whers there Is grammatical or seman-
tic homonymy, separate figures are given. The first figures are fre-
quency and the second range. Overall frequency and range for the
lemma is shown at the top right of each entry, with cumulative
frequency in the upper right hand corner. All graphic words inan idiom
are listed, e.g. for exampie. The figures in these cases refer to the
frequency and range of the idiomn as a whole. Collocates which seem
interesting are listed to the right or leit of a graphic word in Rtalics and
bracketed, and have been listed and counted elsewhers, 8.g. (rite)
down in the Blustration. The relevance of such data for pedagogical
purposesis shown by the example of the graphic word form, which has
two grammatical functions and three meanings.

There are still unresolved lemmatization Issues, however. For ex-
ample, doas downward In the #lustration above belong under the
lemma down? Should overcome and overheat be grouped under the
lsmma over, or do they belong under come and heat? What about
overlap? Should lightning be subsumed under fight? There seems to
pe a clear case for not breaking up fixed collocations and idioms, but
which graphic word in the idiom should be related to a lemma? Does
for example belong with for or example? it seems difficuit to implement
any consistent lemmatization policy which will deal satisfactorily with
cases of this type. Inevitably some purely subjective lemmatization de-
cisions have remained, based usually on pedagogical utiiity, for ex-
ample leamer confusion between lightning and lighting seems pos-
sible, and so they may best be dealt with togather.

One of the drawbacks of using a computer to analyse a corpus Is
that only graphic words can be counted, as In the case of the American
Heritage study, which then relles on cltations which give a printout of
the surrcunding context for each occurrence of an item to supply
semantic, syntactic and collocational information (Carroll et al. 1971,
p.vi). A similar approach has been used by Sindlair in the COBUILD

project at Birmingham University (Carter 1887, p.141). However, we
must still make abstractions from citations to arrive at useful pedagogi-
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cal data (see the discussion of produced, make, connocted, 3.9
below). Carter notes that, according to Francis, the importance of
computers is that they can “count things, ... compare things, ... sort
things and find things” (Francis, cit. Carter 1967, p.181), but also
points out elsewtere that even in the COBUILD project “there Is a
heavy re'tance on the data generated by the lexicographer rather than
on the data a computer might provide” (Carter 1889, p.33). Inthe case
of a relatively small corpus such as the present one of 20,000 words,
a manual analysis becomes both feasible and attractive, due to the
additional problem of converting the cormpus Into computer-useable
form. Accordingly, a manual count was carried out, recording syntac-
tic information along with each occurrence in most cases, as well as
semantic and collocational phenomena where these seemed to devi-
ate from the predictable (see below for elaboration of this point).
inthe detailed list (Farrell 1989, pp.132-202) grammatical infofma-
tion was recorded, in most casas only where the possibility of gram-
matical homonymy existed: thus the word the, for example, is not
followed by any categorisation, while charge Is recorded as occurring
as a singular noun, a plural noun, an adjective and a verb. Measures
of frequency and range are recorded in the case of each category.

Waest's wall-known frequency study (West 1953) gave very detalled
semantic information for each entry In the list, noting occurrences of
each semantic value of an kem as a percentage of the total frequency
figure. in this case the meanings of tems have been noted only whers
move than one meaning occurred, for example, a unit of measurement
and a unit meaning a plece of equipment, or where the item was used
with only one sense, but that sense seemed unpredictable, for ex-
ampie the use of the word gate in a technical sense. This last exampie
lustrates the widespread polysemy found between general and tech-
nical kems, a phenomenon which may be exploited pedagogicalfly. An
intukive observation was that the occurmence of homonyms seemed
lower than in general language; a glance at the entries In this study
shows that & was not often necessary to add ssmantic information, by
contrast with West's list where a large number of the entries show
occurrences of muitiple meanings. Sager et al. note that “... homo-
nymy ... Isless in special languages” (1980, p.235), a fact which shouid
encourage the ESP learmer and teacher.

Time limitations in the case of this study mean that it was not
feasible to camy out a wide-ranging collocationat analysis. However,
where a particular collocational pattern seemed unusual it was re-
corded. For example, while moet occurrences of to were either as a
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preposition, de‘ining relationships betwaen objects in physical space
(210 occurrences), or as an infinitivo marker (223 occurrences), fo was
also found in the following collucations: fo (the nearest cm.), to (within
1mm.), {changes) fo (a vapour), fo {scale), to and fro. Where the other
items in a collocation pattern are recorded in brackets after the main
" item, this means that these items have all been recorded as saparate
occurrences eisewhere in the study (thus the first four collocations
above). Where a judgement was made that a string of flems constl-
tuted a fixed collocation, phrasal verb or idiom, e.g. go o (=
“investigate®), and /or a separation of the items would resuit in mean-
ingless entries (for example fro in fo and fro), then these multi-word
units were maintained intact inthe entry and counted as a single occur-
rence. Whether syntactic and semantic information pertuining to any
occurrence was recorded as an abstraction (e.g. (pass. v.), (= “ap-
proximately”)) or in the form of a citation, was based on a subjective
evaluation of which could supply information useful pedagogicafly in
the most economical manner, without obscuring relevant data. Thus a
citation for every one of the 210 occurences of fo as a preposition was
not feit to be particularly helpful. In addition, a full collocational
analysis of produced, make and connected was carried out (see 3.9
below).

The malin lem. natized list is broken up into three sections: general
words, semi-technical words and technical words (l.e. lemmas; Ap-
pendix D). This division Is intended as an ald to deciding which lexica!
items should be given prominence in a vocabulary-based course.
General words are defined as words which lsamers comingto an ESP
course will In most cases already have met, as ESP courses are rarely,
and probably should not be, taught to complete beginners. They are
the conimon grammatical words the, be, 8, of, to, and, in, i, this, by, as,
etc., fogether with some common verbs: use, have, can, make, move,
see, give, call, would, pass, need, shouid, find, open, stc., and
prepositions: across, through, bstween, above, etc. Also common
adjectives: small, long, large, strong, important, difficult, etc. and con-
crete houns: paper, page, picture, test (all famillar classroom vocabu-
lary), etc. However, this k2 not to suggest that these items are uninter-
esting pedagogically; indeed, some common verbs show a range of
meanings, for eample make (see 3.7 below), and some of the function
words are found in a wide range of collocational patterns, for example,
in, as and at (see Farrell 1989, Appendix F).

The technical words are definaed as words which are best left tothe
subject teacher, either because they are purely technical terms un-
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known in general language, 8.g. anode, cathods, diode, filament, etc.,
or becausse they are words which occur generally but have a precise
technical meaning best slucidated by the technical teacher, 6.g. en-
ergy.force, wave, signal, etc. Again, however, the Englishteacher may
v-sh to deal with some of these Rems, panticularty where the general
and technical sense of an item are relatad (see 3.6 below for an elabo-
ration of this point).

We noted in the analysis of the LOB Corpus data in section 2 that
Rtems with a high frequency on the list which were obviously subject-
specific could often be identifled objectively by thelr low range. It is
interesting to note that in the full fist from the electronics English
corpus, once the very frequently occurring technical Rems at the top
of the list have been passed {e.g. current, voit, circult, resistance, etc.)
a number of the technical lemimas which have a relatively signfficant
frequency show a surprisingly low range by contrast. A ggance through
Appendix C shows that this goes against the general trend for rangeto
decrease graduafly as frequency decreases, and Is an indication of
these ftems’ restriction to a narmow fleld of discourse within the broad
area of electronics. The following lemmas are axamples (range figures
follow frequency figures): transistor (56/2), collector (46/2), anode
(40/4), radio (35/3), induced (33/3), halance (33 /1) filement (32/4),
solenoid (27/1), C.R.0. (22/2), amplitude (17/3), silicon (17/2),
modulate (16/1), feedback (15/2).

3.4 Semi-technical vocabulary

The words which seem to be of principal importance in ESP
courses gensrally are semi-technical words, which form the third list.
The definition used in selecting semi-technical tems was a maodified
version of that elaborated in section 2 in relation to sclence generally:
Formal, context-independent words with a high frequency and/or
wide range of occurrence across text samples in the araa of electron-
ics Engiish, not usually found in basic general English courses. This
then gives the third of the three sub-ists In electronics English, which
may serve as a reference tool for the English teacher in deciding which
items should be given priority In materials design, for electronics
English leamers in this case (Appendix D).

in the electronics English corpus semi-technical lemmas listed in
Appendix D totalled 3,487 tokens, or 17.43% of total occurrences of
20,000 tokens. This figure may not seem significant; however, the ex-

tremely high frequency of the top-ranking words should be taken into
accourt. The first nine words on the electronics Eiglish main list (the,
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be. a, of, o, and, in, current, it) betore the first semi-technical word, fig.
at position ten, account for 6,146 tokens, or 30.73% of the whole
coipus. inaddition, 750 lemimas (representing 2,249tokens, or 11.23%
of all tokens) with a frequency of less than 5 were not listed. A
significant number of them were also semi-technical.

What is perhaps more significant is the fact that of the three lists of
general, technical and semi-technical lemmas, the semi-technical list
Is the longast (Appendix D). Out of the tota! of 508 lemmas occusting
more than 5 times, 224 were semi-tachnical, 143 general and 141tech-
nical. Looked at in this way, seml-technical lemmas were 44% of all
lemmas, while technical lemmas were only 27.7%. Using a similar
method, inman in her st ady (ses pp.9f. above) found 70% of “‘base”
forms were semi-technical, 21% technical and 9% function words,
using a definition similar to our own: “context-independent words
which occur with high frequency across disciplines” (Inman 1978,
P.246). Without having all of her data to hand, 1t is difficult to account
for her much higher figure for semi-technical vocabulary (natice that
her figure for technical vocabudary is very close to our own), except to
speculate that perhaps a more rigorous selectic.) procedure was
applied in the case of the present study. Some words which are used
In a variety of scientific contexts but which occur with a specialised
meaning In electronics were listed under the heading of technical
vocabuary, for exainpie base, resis:, ireid, potential, frequency, positive,
negative, etc. (see 3.6 below for a further discussion of this point). in
addition, Inman's third category was “function words” rather than
general words. Many of the words which on Intuitive criteria would
seem likely to be encountere In basic general English courses would
probably have been included under inman's “sub-technical” vocabu-
lary: would, should, close, open, important, difficult, etc.

in order to validate the results of these Investigations of semi-
technical vocabulary in the two senses, l.e. globally, and within a
particular subject area, and to discover what the semi-technical vo-
cabulary of electronics English might look like in relation to sem}-
technical vocabulary generally, the LOB semi-technical list and the
electronics English semi-technical list were compared. it should be
noted that the LOB list consists of all semi-technical graphic words
which occurred more than 20 times in 160,000 words, or with a greater
than 0.0125% frequency of occurrence, while the electronics list
consists of all seml-technical lemmas which occurred more than 5
times in 20,000 words, or with a greater than 0.0256% occurrence. The
fact that the list which is lemmatized, I.e. the electronics list, is alsothe
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fist which has a higher percentage frequency of occurrence as a lowar
cut-off point should make the lists roughly comparable, but # is
acknowledged that this might not be entirely satisfactory from a
statistical point of view.

Out of the total of 467 graphic words in the LOB Corpus semi-
technical list, 215 occurred in the electronics English alphabetical list,
and are therefore part of the semi-technical vocabulary of electronics
English, by definition. in addion, 17 graphic words on the LOB seml-
technical fist had closely related graphic words on the electronics
English alphabetical list (e.g. afic wed on the LOB list and affow on the
alectronics fist), making a total of 232. These 232 graphic words are afl
asterisked in the LOB Corpus sami-tachnical list (Appendix A), so that
graphic words on this list not found with any significant occurrence in
the electronics English corpus may be seenat a glance. Insome cases
there does not seem to be any reason for supposing that such ems
could not occur in slectronics English text, for eample such tems as
particular, certain, methods, main, problem, total, several. Inthe case
of a number of other Kems, however, we can probably say by intro-
spection that they wouki indeed be unilkely to occur in electronics
material: /nfluence, individual, behaviour, knowledge, evidence, as-
sociated, sense, idea, modem.

tf we now examine the alectronics English list, which conslists of 224
lemmas, we find that 133 lemmas have related graphic words on the
LOB list. Again, each of these lemmas iIs asterisked, so all lemmas
which are part of the semi-technical vocabulary of electronics English
but are not among the most frequent semi-technical tems in sclence
generally may be seen (Appendix D). Here we have a number of words
which seem generalizable: oparate, demonstrate, alter, usual, illus-
trate, etc. and a number of words which seem characteristic of
electronics: connect, emit, transmit, peak, repel, store, contact, etc.

So, while there are significant correspondences between the two
lists, there are also clear diferences, the most important being the fact
that 91 semi-technical lemmas from the electronics English list, many
of them high in frequency, are not prominent semi-technical tems in
science generally. Carter notes that “different subjects ... have thelr
own lexdcal cores” (1987, p.185). This fact highlights the relevance of
lexdcal research in indvidual subject areas to cater for the needs of
students of individual subjects.

3.5 Description of the data
The comus ylelded a total of 1,258 lemmas out of 20,017 words of
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running text. Lemmas were assembled in rank order, position inthe list
being determined firstly by frequency and secondly by mnge. Thus
two Rems with 76 occurrences which were both found in 9 texds would
have the same rank, but one with a frequency of 76 and a range of 8
would rank one position lower. All lemmas representing a total fre-
« quency of more than 5 in the corpus are listed in Appendix C, and are
given detailed treatment in Farrell 1989 {(Appendix E), with individual
listings for each graphic word included under a lemma. Lemmas
representing an occurrence of iess than five tokens are not listed.
The first seven words on the list look famillar: the, /s, a, of, fo, and,
in. These are the short grammatical words which are usually seen at
the head of frequency lists, and which show an extremely high
frequency of occurrence. As Sinclalr & Renouf put &, “The common
words are very common indeed” (1988, p.154). In this study these
seven wornds make up 5,674 occurrences, or fully 28% oi the text. The
word the alone accounts for over 10% of the corpus. A comparison

with the first words in the Birmingham Corpus frequency list {(which is
a survey of general English) shows that with the exception of is (which
is broken up into its various forms in the Birmingham Corpus) these
first Kems correspond, though the order Is different: the, of, and, fo, a,
in. However, the lists then begin to look rather different - some
technical tems appear very high on the frequency list in electronics
English: current, voft, circuit, resist, charge, electron, coll, inter-
mingled with further function words: /1, this, by, as, with. By contrast,
the Birmingham Corpus list is dominated by low information grammati-
cal words; the first word referring to a concrete item Is people,
occurring at position 72 in the list (Sinclalr & Renouf 1988, p.149).
Sinclalr & Renouf note that “Only time, people, new, know, man and
lile bring any great semantic content into the top hundred™ (1988,
pp. 1541.). However, the grammatical words seemto have a higher fre-
quency of occurrence intaechnical language; the first ten words onthe
Birmingham Corpus list together account for 17% of the corpus
(Sinclair & Renouf 1988, p. 154), by contrast with 28% for the first seven
words in electronics English.

3.6 Syniax
A pedagogical word list which falled to record the syntactic features

of occurrences of words would be impoverished. A listing for the
graphic word produced, for example, could represent an occurrence
of the passive, the present perfect, the past simple, an adjective or a
hypothetical condition (see 3.9 beiow). Though our main emphasis In

30 33




Uthsnndylsonlmd&fromapedaoodcdpondm“wodd
certainly be interested in the relative frequencies of occurrence in
different syntactic pattems of forms ke produced. inthe detalled word
list, therefore, (Farrell 1989, pp.132-202) grammatical information has
been recorded for almost every graphic word. This data, then, Is also
a useful record of the frequency of occurrence of syntactic patterns in
the corpus.

A number of grammatical features distinguish special from general
language, among them the high frequency of the passive. Sager et al.
note that “extensive use of the passive is one of the most prominent
characteristics of technical writing” (1980, p.209). In our detalied list
the frequency of occurrence of the passive may be easlly checked by
a glance at the entry for the lemma be: the various forms of this word
asauwditaries, mostly /s and are, are found in passive constructions 456
times (Farrell 1969, p.132). in addition, 114 further cccurrences of the
passive are found in reduced relative clauses of the type: the amount
dmmmmwm.mmmmmﬁ
and awdliary are deleted. According to Sager et al., “The desire for
conciseness of expression means that relative ciauses in SE are very
often reduced” (1980, p.223). Modal passives are also relatively com-
mon: of the 101 occurrences of the graphic word be as a passive
awdilary, 89 are in constructions of the type: currents will be induced,
and the remainder are accounted for by passive infinitives, e.g. fo be
replaced by a piece of wire. Occurrences of the present continuous
passive, 8.g. electricity Is being produced, may aiso be identified from
the entry for is and are (Famell 1969, p.132); only 2 are found in the
corpus. But the present continuous passive Is a popular structure in
ESP courssbooks; First Course in Technical English, Book 2, for ex-
ample, devotes two pages of exercises to this syntactic pattern (Beard-
wood et al. 1979, pp.120fi.). This again points up the relevance of
research and the weaknesses of native speaker intuitions in designing
syllabuses and materials.

Most occurrencas of the past participle are accounted for by the
various forms of tho passive manticned abovs, but also significant are
occurrences of the past participle as an adjective (87 cccurrences),
e.g. charged sphere, the most prominent words used in this way being
charged (15 occurrences), closed (8), Induced (8), integrated (6).
Given as an adjective Is found twice, e.g. & given potential, with the
meaning of “certain”. In addition the past participle isfound in present
perfect constructions 21 times. The -ed form of the verb is also found
in the past simple (6 occurences) and hypothetical conditions (4
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occurrences).

The present participie has a relatively high frequency of occurrence
in the corpus: it is found 317 times in all. Of these, the majority of
occuirences are verbal, though not the present continuous tense. The
presem participle often follows by to axpress the means of doing
something, e.g.: fleld strength is increased by increasing the number
of turns. This may also be expressed without the use of by, e.g.
compare the strengths of the magnetic fields, using the same 2m.
length of copper. Widdowson notes that in sclentific writing the
present participle may combine the expression of simuitaneous action
with the expression of resultant action; he calls this causal co-occur-
rence (Widdowson 1979, p.59). An example from the electronics
English corpus would be: The figure shows how current flows from the
capacitor, producing a tietd in the coll. The most common present
participle is using (31 occurrences), followed by making (9), measur-
ing (8), producing (6), connecting (6) and changing (6). The present
participle Is found as an adjective or premodifisr more frequently than
the past participle, with 11. occurrences, for example reversing
switch, varying voltage, connecting wires. The most frequent present
participle premadifier Is alternating (39 occurrences; probakly univer-
sally collocating with current), thenvarying (10), oscillating (9), follow-
ing (9. this is a cataphoric device), moving (7). The foliowing also
occurs as a gevund 1o refer forward in the text, twice. Some -ing forms
are conventionally nouns, e.g. reading (20 occurrences), heating (2),
building (1). Providing makes one appearance, as a conjunction
meaning #. The present participle is also found in reduced relative
clauses (20 occurrences), for example: cuments osciilating at other
frequencies. The present continuous tense. occurs only 12 times.

Aswe noted above, a single graphic word may represent a numbor
of different syntactic patterns. Equaily, to say that a certain syntactic
pattem is frequent in the corpus does not mean that # will be evenly
distributed lexically. For example, in the case of the lemma produced
(overall frequency 79) there are 17 occurrences of the third person
singular present simple produces, while in the case of connect (overall
frequency 68), this form does not occur at all. Conversely, In the case
of connected there are 20 occurrences of the imperative form, while
this form Is not found at alfl with produced.

A notable feature of the occurrence of nouns inthe corpus whichis
particularly relevant from a lexical perspective s the fact that a high
proportion occur in noun/noun constructions of the type energy
transfer, where the first noun has an adjectival function. (In soms
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cases, a noun and adjective share the same form, e.g. potential.)
Occurrences of such nominal compounds may be identified inthe de-
talied list (Farrell 1989, pp.132-202) where nouns are marked adj.;
there are exactly 600 such occurrences in total, making this feature
more frequent than the passive, and therefors the most sallent symntac-
tic characteristic of the electronics material. Sometimes the frequency
of a noun as an adjective in nominal compounds s higher than its
frequency as a houn, e.g. /nput occurs 29 times as an adjective or
“premodifier” (Leech & Svartvik 1975, p.271), but only 9 times as a
noun. Sager et al. distinguish between three types of what they call
"determinants” in nominal compounds: “... those which designate
objects, those which designate properties, and those which designate
processes and operations” (1980, p.268). Applying this analysis to the
electronics English corpus, a number of thase different types of noun
compounds may indeed be identified, including a few not mentioned
by Sager et al.

Evenwithin the first group, 1.e. noun compounds in which the deter-
minant designates an object, the function of the determinant seemsto
vary, as noted by Sager et al. (19680, pp.268-71). For exampls, in one
type the determinant denotes the material of which an objec? is
composed (Sager et al. 1980, p.269). Examples from the electronics
English corpus would be: copper wire, zinc plate. In a related type the
determinant describes what an object Is compased of, though not a
concrete matertal: efectron beam, sound wave, radio wave. The deter-
minant may also designate the precise function of a plece of equip-
ment: current ampiifier, voltage ampiifier, radio transmitier. This last
type seems {0 be particularty common in the electronics material, on
a purely informal inspection. And finally, the determinant alsn seemsto
have the function of denoting a plece of equipment of which the
nucieus (or second noun) Is a component part (Sager et al. 1980,
p.270). Electronics examples are: gerlal wire, compass needle, diode
valve, emitter resistor.

In Sager et al.'s second group the determinant specifies the object
of which the nucieus Is a property (1980, p.271). Examples of this type
of compound from the electronics material might be collector current,
base voltage, gate potential (collector, base and gate are electronic
components). Their third group comprises compounds in which a
process s described (Sager et al. 1980, p.271). Electronics examples
are charge fiow, current gain, energy transfer. Sager et al. noie that
confusion may arise in interpreting such compounds In relation to
transitive/intransitive features of the verb underlying the nucleus,
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giving the examples tempenature change and temperature control. In
the first case R is the temperature which Is itself changing (subject),
while in the second the temperature is being controliesd (object).
Similarly, it Is the chargs which Is flowing in charge flow, while the
energy Is being transferred in energy transfer. Confusion for leamers
" could also arise between compounds of the type current amplifier and
collector current, the lsamer perhaps assuming that collector current
means a current which coliects something, by analogy withthe first. An
English teacher could perhaps find a role here, though most noun
compounds in special English ara decidedly technical.

3.6 Polysemy
The idea of a general language of sclence, or semi-technical vo-

cabulary, has been discussed above. Most writers who have investi-
gated this notion seem to be talking about words which are part of the
general lexicon and which retain thelr general meaning when used in
special texts: obtain, occur, raquire, produce, etc. Trimble hrs defined
“sub-technical vocabulary” as "contaxt-independent words which
occtr with high frequency across disciplines” (1985, p.129). But
Trimbie then goas on to axtend the definition of sub-technical vocabu-
lary to Include “those coin.non words that occur with special mean-
ings ... words that have one or more general English meanings and
which in technical contexts take on extended meanings” (ibid.). A
number of suich tems were noted in the present study, but it was feit
that they belonged more property under the heading of “technical
vocabulary”, asthey usually seemed to require a precise technical ex-
planation by the subject teacher.

However, if the general and technical senses of an item are clearly
related, or polysemous (Jackson 1988, p.5), this may be of assistance
to ESP lsamers, and the English teacher could play a role in bringing
out the connection between general and technical meanings.

if we fook at the list of technical words from the study of electronics
English In Appendix D, a number of instances of polysemy may bo
sean. For example, currant in the technical sense of a flow of electricity
may be linked with its general referenceto a fiow of water. The general
meaning of the word resist may be linked to its tectaical sense of
obstructing, or slowing a flow of electricity. Capacitor may be ex-
plained by lts “capacity” tc store electricity. Qiher similar examples
might be: circuit, coil, potential, energy, frequency, wave, induce,
terminal, insulate, transformer, generate, earth, junction, gate, series.
infact, very few of the words on the technical list are really “technical”
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inthe sense of being compisetely unknown in general language: anode,
cathode, diode, thermionic, solenoid, ammeter, sificon, voitmeter,

reaclance, ohin, semiconductor, electromagnet, amp, gavanometer,
electroscope, rheostat, axide, flywheel, coutombd, impedance, dielec-
tric, sinusoidal, triode; this Is the complete list.

However, English teachers might find themselves on tricky ground
here, and some may prefer 10 avoid dealing with these items alto-
gether. In some cases, a related general meaning may give only a
vague kiea of the technical meaning, which inay then need to be stated
in very precise terms: the word energy, for example. Sager et al. refer
to this as “redefinition’: “General notions are often the basis for
scientific investigations, but ... special reference then requires the defi-
nition of the concept .... Such a definition usually entails reducing the
extension of the general language word used” (1880, p.255). They give
the technical definition of the word force as an example (this word
occursin our list of technical items): *“force: atorce is any influence that
can cause a body to be accelerated’’ (1980, p.255). They contrast this
definition with that of the Concise Oxford Dictionary, which defines
force as “strength®, “power”, "iImpetus®, “violence®, “intense effort”,
among othera. Clearly, it Is the precise technical definitionwhich is the
one of interest 10 leurners; the sut;ect teacher would not give many
marks to a learner who defined force as "intense effort” in an electron-
ics examination, and even fewey i he defined it as "power”, which has
a separate precise technical meaning of its own.

3.7 Homonymy
In some cases, an English teacher might assumae a pulysemous re-

lationship incorrectly, for example the word base may not be used In
its general sense of “bottom®, or "supporting part”® in technical lan-
guagse. it is defined in electronics as “‘Part of a valve where the pinsthat
fit into holes In another electronic part are located”, or “The middie
region of a transistor”’ (Trimble 1885, p.130). This, of course, is haomo-
nymy, which “refers to words with different meanings sharing the same
form"” (Jackson 1988, p.5). Dealing with this type of item may be
beyond the competsnce of the language teacher, but he should be
aware of lems used in general language which have an unralated
technical sense, without necessarily being au fa/t with the precise
technical definitlor. Generally, however, most technical itlems seemto
be either purely technical (see list above), or to show some polysemy
with general language, however tenuous.

Homonymy Is seen in some of the general and semi-technical
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items. The word make, for example, occurs 51 times with the sense of
to create” or "buid®, but also 11 times with the sense of “to cause
somethingto happen”. Ciose s found 5 times as an adjective meaning
‘near”, and 4 times as an imperative verb meaning "shut”. Sef occurs
71imes as a verb withthe sense of “to put controls at a certain position®,
" 8 times as a "radio set”, and 4 times as a noun meaning "a group of
items®. Above Is seen as a preposition denoting spatial relations 9
times, as an anaphoric word referring to earller parts of the text 9times,
and with the meaning of “more than once". Form is found as a noun
meaning “shape® 7 times, as a verb with the sense of “create” 7 times,
and as a noun meaning “type” 4 times. The word case occurs with the
sense of “eventuality” on 14 occasions, but with the meaning of "outer
covering" or “casing" 4 times. Common Is seen with the sensa of "usual”
8 times, and as an adjective meaning “in both" (8.g. common base) 7
times. Take occurs in its ordinary sense 10 times, as a verb denoting
how much time an event occuples 6 times (e.g. the spot takes 10m/
sec. fo ..), and as a passive verb meaning “is presumed® on 2
occaslons (e.g. X is taken to be Y). Unit Is found 3 times referring to a
plece of equipment, twice in the collocation a unit of measurement,
and twice referring to a chapter or sub-division of the textbook.

3.8 Anaphora

A glance at the beginning of the detalled list (Farrell 1989, pp.132-
202) shows that anaphora Is prominent in electronics English: one of
the most frequently occurring items Is /t, with 153 occurrences, 134 of
which are anaphoric. (The remaining 19 occurrences of it are also of
interest; see 3.9 below). Occurrences of the word this are divided
almost equally between anaphoric reference (84 occurrences) and
use as ademonstrative adjective (89). Other words used anaphorically
are less frequent. Perhaps less predictably, the word one is next in
order of frequency, with 13 anaphoric occurrences, e.g. two colis of
wire, like the ones you have been using. The word above Is used to
refer back in the text or to a previous diagram on 8 occaslons, 5 times
as an aftributive adjective, e.g. in the above circuit, and 3 times as a
prepositional adverb (Leech & Svartvik 1975, p.87): tne lines shown in
the patterns above. The word that Is used anaphorically 6 times, for
example: a charge equal to that on an electron. The word another also
occurs 5 times anaphorically, e.g.: if the transistor Is changed, even if
itis replaced by another of the same type. And finally, the word each
occurs with anaphoric reference 4 times, for example: Make a list of
electrical appllances In your house. What is the most important
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electrical effect that each makes use of?

3.9 Collocation

As noted above, some limited collocational studies were carried
out on the electronics material. The first was a slightly more in-depth
examination of recurrent pattems of use of a few low-information
grammatical words than is seen in the detailed list for the electronics
material. In discussing the COBUILD project Carter notes that “Infor-
mation about the operation of ... content-less grammatical words ... in
their normal discourse environments ... Is invaluable” (1987, p.142).
The words examined were in, as, that, at, one and if. The data
produced from this special examination is found in Farrell 1989
(Appendix F, pp.203-206), and all these items are asterisked, with a
reference 1o the appendix, in the detailed list (Farrell 1989, pp.132-
202).

Most occurrences ol 1 are predictable: as a preposition, denoting
spatial relations (132 occurrences). A large number of occurrences fail
into the pattern increase/change in voltage/current/direction, eic.
{68 occurrences). Fixed expressions account for alarge number of oc-
currences: in this case (13), in series with (7), in a circle (5), in this way
(3), in effect (3), etc. (sea Farrell 1988, Append 1 for further ex-
amples). Also of significance is the use of /n with the meaning of “‘while
doing” something: errors occur in the measurement of (7), in axperi-
ments (7), In the Insulation of cables (1), Inchanging a.c. intod.c. (1).

As is most frequently used with the meaning of “like”, “similar to®, or
“in the manner of", e.q.: used as a voltage amplifier, as shown, as
above, etc. (74 occurrences). Also common is its use meaning ‘whie”,
relating change in one variable to change In another, e.g.: /ines move
outwards as the current changes (27 occurrences). “As ... as” con-
structions account for a number of occurrences, e.g. as far as pos-
sible, as closely as possible (16 occurrences). Also important is the
use of as with the meaning of “because” (12 occurrences).

That Is most frequently found as a conjunction following verbs,
particudady show: shows that, note that, assume that, check that, elc.
(63 occurrences). A number of occurrences express purpose, follow-
ing so (23). The anaphoric uses of that are of interest (see 3.8 above).

Also used anaphorically Is one (13 occurrences; see above),
though its most frequent use Is as a numeral (19). 14 occurrences are
in one ... the other constructions. Most occurrences of at relate to a
measure of voltage, temperature, etc., e.g.: is held at 6v (45), while its
frequency as a spatial preposition Is lower (29). Finally, a number of
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uses of it which are not anaphoric were noted, e.g. it takes the spot
10m/sec. to ..., it shoutd be remembered that ...

in addition, three lemmas were selected for closer scrutiny. pro-
duced, make, connected. In this case fuller collocations are given;
every line from the electronics English corpus in which these items
" occurred Is presented in Farrell 1989 {Appendix G, pp.207-212) with
the preceding and following context. (iIn some cases two Hnes are
included where one would have been insufficient to llustrate the use of
the item in a particular context). A glance at this data shows that the
immediate collocates of semi-technical tems are often technical. Pro-
duced and connected were selected because they are two of the most
fraquently-occurring semi-technical Hems. Make, though defined as a
general word, was selected because it seemed to show patterns of use
perhaps not often dealt with on general courses, and for the purpose
of contrast with produced, of which it is sometimes a synonym.

Of the different graphic words subsumed under the lemma pro-
duced, the word produced is the most common, by definition (30 oc-
currences). Of these occurrences, produced Is most often found In
reduced relative clauses (see 3.6 above), often preceded by magnetic
flefd and followed by by, for example: the magnetic field produced by
the same piece of wire (19 occurrences). Full passives account for 9
further occurrences e.g. electricily Is produced in varying amounts.
The graphic word produce Isfound 21 times, 9times iollowing modals:
it can produce electricity, 4 times as a purpose infinitive, e.g. their
purpose is to produce a uniform magnetic field, 4 times as a plural
verb, and 4 times as an Infinitive following an adjective, e.g. it is still
possible to produce a distorted ouiput. The 17 occurrences of pro-
duces are as singular verbs. More interesting Is producing, which
shows 5 examples of Widdowson's “causal co-occurrence” (1979,
p.59; see 3.6 above), e.q. collapses very rapidly, producing such a
large rate.

The most frequently occurring meaning expressed by the various
forms of make Is “cause” (48 occurrences) rather than that which
would intuitively spring to mind: “create® (20 occurmrences). The ra-
maining accurrences are accounted for by fixed expressions and col-
locations: make use of (2), make up for (1), make up (l.e. “create”) (1),
make a list (1), make adjustments (1), calcuiation can be made (1),
connection may be made (1), making connections (1), making meas-
urements (1). Among the uses of the graphic words make, made,
m.akes, making with the meaning of “cause”, the change caused may
be expressed by a verd, adjective or noun in the following clause. The
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most common is a verbal construction, found 16 times following make,
e.g.: fo make it oscillate continuously, 5 times following makes: this
makes a current flow, 3 times following making, e.g.: making the photo
cell current vary, and twice following made, e.g.: the coils are made fo
rotate. Adjectival constructions are also common, following made 11
times, most commonly with the adjectives positive and negative, e.g.:
If the base voltage Is made positive, following make 5 times, 8.g.:
negative charges nearby make it easier to ..., and following makes 3
times, e.g.: which makes the solid state diode possible. Finally, a noun
is sometimes used, once following make: electrons thus produced
make the valve a very good conductor, and once following makes:
time-base switched off makes an appropriate voltmeler.

in the case of connected the third person singular presen: simple
form connects does not occuyr at all. Note the contrast with produced,
where it occurs 17 limes (see 3.6 above). The most common graphic
word Is connected (24 occurrences), 14 of which arefull passives, e.g.
when the grid is connected lo the filament, and 10 reduced relative
clauses, e.g. the earphone connected to the rectifier. Connectoccurs
22 times, almost always as an imperative verb (20 occurrences). The
noun connection occurs in singular and plural forms 13 times, 4 times
as the nucleus of a noun compound (see 3.6 above), e.g.: all the
battery connections are reversed. The present participle connecting
is found 9times, on 6 occasions to axpress the means of doing some-
thing, oftenfollowing by, e.g.: current can be smoothed by connecting
an inductance coil, twice as s adjective, e.g.: the connecting wires,
and once in a reduced relative clause: wires c. anecting where they
CrOSS.

3.10 Affixation

Where there Is an emphasis on lexis in materials, a great deal of
attention is often paid 1o affixes, and prefixes in particular. Wallace
proposes a list of prefixes as deserving of attention, including the
following: un-, de-, dis-, mis-, mal-, sub-, pre-, semi-, trans- (1982,
p.87), an approach which seems promising in heiping learners to
predict the meanings of unknown items (Nuttall 1982, pp.671.). How-
ever, a check of the data proves disappointing; surprisingly enough,
only three of the prefixes Wallace mentions occur in the alphabetical
list for the electronics corpus: semi-, trans- and re-. Semi- occurs In
only one word, semiconductor, with a frequency of 13. Trans- occurs
intransfer, transform, transistor, transmit, though it seems unlikely that
its semantic function in these different words can be linked in any way
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which Is usetul pedagogically. Re- occurs commonty, e.g. remove,
repeat, rapel, repiace, etc., but in this case too the semantic function
of the prefix is buried too deep in the etymology of these words to be
ot any use inlinking these tems for learners. The only productive prefix
in the corpus seems to be therm-, occurring in therm, thermal, ther-
mally, thermionic, thermionics, thermocouple, thermoelectric, ther-
mometer, thermostat, all tems connected with heat. Also of note is
over- in overheat, overcome, overiap. More important seem to be
suffixes, which generully have a grammatical rather than a semantic
function, e.g. -S, -ed, -ing, -fon, -ic. Awareness of these may be
developed through the use of word buiding tables (see section 4).

4 Lexis in ESP materials design

We now come to the practical applications of this study, and an
examination of how the semi-technical word lists and other lexical data
produced by the study of the English of electronics and the LOB
Corpus might be used in designing materials for ESP courses, whether
common-core general-purpose ESP courses or subject-specific coursas
aiming to cater for the needs of students of a particular subject
speclalism.

4.1 The common-core approach

We noted In section 1 the importance of the common-core ap-
proach in defining the role of the ESP teacher. Johns and Dudiey-
Evans (1880, p.140) argue in favour of a common-core approach:
“Since 1971 the English for Overseas Unit at Birmingham University
hagconcentrated ... onthe “common-core” language problems of stu-
dents (including vocabulary). The experience of the past seven years
has confirmed that the ' common-core” approach has both theoretical
validity ... and practical applicability”. They note, however, an inevi-
table difficulty in designing common-core courses: “‘a common-core
programme ... entalls a degree of abstraction” . in other words, how do
we focus on common core syntactic and lexical features of science
without using texts from specific areas of science, and without this
approach degenerating into explanations of grammar rules and leam-
ing lists of words?

Thedifficulties invoived in dssigning common core courses may be
seean In some existing courssbooks, Nucleus (Bates & Dudley-Evans
1976), for example. The first book In the Nuclsus serles Is called
General Science. and is followed by a number of specific coursebooks
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for different branches of sclence and technology. In writing about the
design process involved in General Science, Bates (1978, p.2) under-
tines the importance of semi-technical vocabulary: “General Science
presented the common-core language of sclentific and technological
description, including items of general use which were important tothe
sclentist - 9.g. consist, depend, refationship .... This ... might well con-
stitute greater obstacles to understanding than the more obvioustech-
nical vocabulary.” However, an examination of the material in Genera/
Science and the word list at the back of the book shows that while
semi-technical items are prominent, there Is qulte a high proportion of
use of subject-specific technical tems from different subject areas: an-
hydrous, cartilage, aorta, iridium, cadmium, epithelial, cytoplasm,
auricle, glycogen, for exampie. The technical vocabulary of a particu-
lar subject is relevant to students of that subject, but it seems unhelptul
to ask learners on a common cofe course t0 cope with technical
vocabulary which Is from a subject specialism they will never study.
This Is also a tafiing of other attempts at common-core ESP courses.
Very often “common-core” seems to mean in effect a succession of
units devoled to different subject areas, with an emphasis on gram-
matical features of sclence generally. For example, First Course in
Technical English, Book One (Beardwood, Templeton & Webber
1978}, which Is a coursebook for technical students generally, begins
well with general units on tools, materials, containers, instruments,
shapes, motor vehicles and Instructions. Then there is a unit 0.1 basic
slectriclty which Is probably more or less accessible to the layman,
whether leamer or teacher. But the next two units of the book consist
of rather "heavy” technical material on the properties of engineering
materials, with prominence given to such subject-specific technical
items as ductiiity and malleabiiity. This material Is formidable and off-
putting to students of a technical area other than metallurgy. Under-
standing the rmaterial in a common core course should not involve
grappling with subject-specific vocabulary from an irrelevant subject
specialism; the learmers would surely be better off becoming familiar
with subject-specific vocabulary which Is at teast relevant to their
studies.

The basic problem with such courses is the fact that they concen-
trate on the common core syntactic features of sclence at the expense
of common core lexical features. We have identified a list of items
which may be said to represent the general vocabudary of science, 1.e.
the 1.OB Corpus semi-technical word list (Appendix A). in what specific
ways, then, might such a list play a role In developing a common core
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course for ESP teamers? The following are some suggestions:

(a) As a reference iist for materials writers to consuit when design-
ing specially written texts. in spite of the recent widespread interest in
using authentic material in ELT generally, there still seems to bea role
for specially written material, particularty in ESP, where authentic ma-
terial usually msans subject-specific material from the subject text-
book (itself specially written for sclence students) or othey sources.
Hutchinson & Waters feel that in an ESP setting “there is ... ro intrinsic
merit in an authentic text”, and suggest that what ls more important is
what role one expects a text to play in the leamning process. They go
on to point out that if one wanted to camry out, say, a jigsaw reading
task, it could be virtually impossibie to find a set of appropriate
authentic texts (1987, p.159).

The materials writer could try to give greater prominence in mate-
rials to words high on the list in terms of frequency and range, without
perhaps needingto be overly precise about this. Because technical vo-
cabulary has been axcluded, the materials produced will not be
“scientific”’ in the strict sense, but could be similar to general interest
texts of the type found in newspapers and magazines: popular psy-
chology, the paranormal, nature, the environment, ciimatic trends,
trends in soclal habits; all of these text types will be found to contain a
high proportion of semi-technical vocabulary.

An advantage of using this type of material on ESP courses is that
it can provide a refreshing antidote to purely technical material. Hutch-
inson & Waters argue that “in terms of language content there Is little
justification for a subject-specific approach to ESP” (1887, p.166), and
that we shouid “make learners aware of the lack of specificity of their
needs" (1887, p.167). ESP teachers are sometimes overly concemned
that their materials should be relevant, i.e. subject-specific, inthe belief
that leamers will be more motivated by this type of material. This may
nol be so; sor:8 Isamers may have motivational problems in relation
to the subject itself. Even those isamers who are highly motivated to
leamn the subject may weicome a break from technical material, which
always requires concentrated effort. Also, it is extremely difficult for the
English teacher to make technical material communicative; only the
subject teacher working with students in the technical laboratory is in
a position to bring the language of the subject specialismtolife, a point
made by Hutchinson & Waters: “The [technical] teacher does not jusi
give alecture about a machine, he uses the actual machine or a modei
of it as an integral part of the delivery”” (1981, p.60). Semitechnical
materials of the type suggested above, however, may serve as useful
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stimull for animated class discussions.

{b) As a checklist with which to evaluate the possible usefuiness of
authentic materials, again of the semi-tachnical type suggested above.
The chief difficuity here might be the fact that ail texts contaln a high

of rare words, and R could be argued that from a lexical
point of view this Is then no improvement on using sclentific texts from
an unfamiliar subject specialism. However, unusual items acquired
from semitechnical texts might turn out to be useful to learners at
some point, uniike the highly technical vocabulary of another subject.

{c) Learners could themseives be given the list, together with the
information on frequency and range, with the caution that the teacher
is not putting them under pressure toabsorb afl the items onthe list, but
that # may be used as a reference tool. if they are worrlad about the
maaning of an unfamiliar tem in a text, for example, they could be
encouraged to use an alphabetical version of the list to check whether
the word Is an important one in sclence generally. This would bein line
with recent interest in making leamers privy to information usually
avaliable onfytoteachers, and encouraging them totake responsibllity
for thelr own leaming.

(d) In the design of a lexically based course. We began to explore
the idea of a lexical syllabus in section 3 above. However, we have not
yet examined what materials having lexis as an organising principle
might ook like. Carnter & McCarthy note that “A coursebook based on
this [1.e. lexical] syflabus would be radicafly diffsrent from conventlonal
ones” (1988, p.160). Very few attempts have been made to date at
designing this type of course. A notable feature of those few attempts
is that where a list of words Is the organising principle, the coursetends
to look like an elaborate dicticnary, or encyclopaedia.

4.2 The subject-specific approach

Often an ESP teacher, rightly or wrongly, will come under pressure
from leamers and /or administrators to implement a subject-specific
approach. Hutchinson & Waters note that “leamers often demand
subject-specific texts” (1987, p.166). We have discussed the difficul-
ties that the English teacher may have in exploiting technical material.
if there Is a deman that the English course be directly relevant to the
learners’ technical studies, then this requirement may beanswered by
focussing on the lexical characteristics of their subject of study. We
hav.e seenthat not only may special English be primarily distinguished
from general English by lexdcal rather than syntactic features (Johansson
1975, p.1), but also that individual subject areas are characterised by
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distinct non-technical lexical features. in section 3 we found a list of
items with varying degrees of prominence in slectronics English which
were semi-techinical, but which did not occur on the LOB Corpus list of
the general vocabulary of sclence. Lists of ssmi-technical tems char-
acteristic of individual subject areas may then be used by the English
teacher or course writer in ways similar to those suggested above: in
wiiting special texts, in evaluating authentic material, as a reference
tool for isamers, and in developing subject-specific lexical courses to
supplement common core materials, without having to use special-
ised materials or explain subject-specific technical vocabulary.

As well as identifying semi-Hechnical tems which can play a role in
developing materials accessibie to both teacher and leamer, other
aspects of the data gathered from lexical studies of special registers
are invaluable In subject-specific materials design: for example, the
relative frequency of occurrence of different semantic values of homo-
nyms may be identified (s2e 3.7 above), as well as recurrent colloca-
tional patterns which may provide evidence running counter to intul-
tions. For axampie, in the elactronics corpus the word info occurs 4
times in the pattern changes electricity into heat, and not at all in its
“typical” or “basic” context of movement info a contalner, closed
area, etc.

4.3 Existing lexically-organised courses

An early and very interesting attemnpt in this direction Is not in fact
a cotuirse, but a reference book: A Reference Book of English Words
and Phrases for Foreign Sclence Students by R.F. Price (1975, first
published 1966). However, as we have suggested above, perhaps a
lexically-based course Is inevitably a type of specialised dictionary.
Price himself seems to be hinting at a role wider than merely reference
in his foreword to the book: ‘“This ... book ... I8 not intended to teach
sclence, or scientific terms, but the non-technical English words and
phrasas which are necessary to describe and explain things and
events sclentifically” (1975, p.vil; my Halics).

This body of material, then, has semi-technical vocabudary as its
organising principle, and so Is of particular intirest to this study. Price
gives the following instructions to users of the book: “When using this
book you may start from two places: (i) If you have a word you want to
understand, begin at the index at the back. (i) if you have an kdea which
you want to express in English, begin at the list of contents at the front”
(1975, p.ix). The list of contents at the front is ammanged in notional
categories: shape, composition, taxture, colour, taste, smell, quant!ta-
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tive relations and size, spatial relations and order, temporal relations,
whole and part, change, motion, techniques and use of apparatus,
facts, concepts and problems, sclantific method, the particular, the
In sach section of the book, headed by one of the notlonal
categories above, a list of words Is first given, e.g. under the first
category of shape are listed the words shape, form, line, angle,
straight, curve, paraliel, circle, etc. Inflactional and derivational forms
are given inthe case of each word, in tha following order: verb infinitive,
past tense, past participle, noun, adjective, adverb. So, a typical entry
looks like this: to circle, circied, circled, circle, circular. Where one of
these forms is used with a different meaning, or does not exist, as with
the adverb form of circle, a blank appears. There are a few obvious
flaws in this presentation system. Price could not have carried out a
serious analysis of information which has long been avallable about
the relative frequzency of occurrence of different inflectional forms in
scientific writing. In the alectronics Engiish corpus there were only 6
occutrances of the past simple, bigt 317 occurrences of the present
participle, yet Price has included the former and omitted the latter.
Neither Is any attention pald, for example, to the frequent use in
sclence of nouns as premaodifiers in nominal compounds (see section
3 above).
in each notional category the word list is followed by a section
exemplifying each word In sentences, usually accompanied by a
diagram to make the meaning clear. In some cases, afl the forms of an
item in the word list are exemplified, e.g. This is a sphere. This object
is spherical. In other cases, not all forms are axemplified, e.g. fo sp/ral,
spiralled (past tense), spiralied (past participle), spira/ (noun), spiral
(adjective), spirally are found in the word list, but only an example of
spiral as a noun Is given: This Is a spiral (picture supplied).
Synonyms are exemplified by demonstrating thelr interchangeabil-
ity tn sentences: This container/bax has a cover/lid which shuts/
closes when placed over the top. However, no attempt Is made to
axempilfy contaxts where synonyms might not be interchangeabie,
e.g. in electronics we wouid talk about a closed circuit, but not a shut
circult. Homonyms are simply disregarded; in our own study of
electronics English close was found to occur 5 times as an adjective
meaning "near’, and 4 times as an imperative verb meaning “shut”.
Skills for Reading, a collection of reading materials developed at
Reading University by Morrow (1980), seems to address some of the
Issues we have been ralsing in relation to the role of the ESP teacher.
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The rsading texts presented in the book are abridged bt entirely
authentic materials taken from New Scientist. In his introduction tothe
book, Morrow notes that artictes in New Scientist are designed to be
"accessible tothe non-specialist ... educated layman” (1960, p.9). This
means that the material can be used by non-specialist English teach-
ers in the classroom. Morrow continues: “The role of these texts is to
provide a vehicle of general interest for the practising of reading skills
which can subsequently be appiled to whatever texts the student
wishes to study” (1980, p.10).

A review of the materials in Skills for Reading shows a high
proportion of semi-technical items. A great number of technical and
context-specific tems also occur, but the point is that these materials
are useable by an English teacher; they have been written by profes-
sional journalists for the layman anvi are therefore stimulating and
provide good talking points for retated communicative activities. There
are, for example, articles on the depletion of the ozone layer, the
biologlcal clock, fireballs, homes for refugees, landing on Venus. in
addition, many of the related exercises In Skilis for Reading are
lexically-oriented; there are word-bullding exercises using derivations,
0.g.:

(Morrow 1980 p.52)

Leamers fill in the appropriate derivatives (if they exist) in the blanks.
The given forms occur in the reading text. However, the organising
principle of this book Is not primarily lexical.

A course which Is organised on lexical princlples, and one which
has aroused a great deal of interest, Is The Words You Need (Rudzka
et al. 1981). In their preface Rudzka et al. acknowiedge that the
inspiration for the book came from the work of Adrienne Lehrer on
semantic flelds and lexical structure (1881, p.i). The table of contents
Is made up of groups of words, organised in semantic flields (e.g.
concet, pride, self-esteem, vanity) and synonymous palirs (o.g. un-
pleasant/ghastly, unwiling/reluctant, produce/generate). The groups
of words are arranged in grids of two types. One type uses the
techniques of componential analysis (Jackson 1988, pp.80-95) to
identify the overfapping meanings of synonyms, for example:



strong  potent powerful
producing great force +

having great force
having a solid structure

great effect on senses
firm
effective +
usu. of drink and drugs +
(Rudzka et al. 1981, p.28)

The second type of grid brings out the different collocations of
semantically related tems, for exampie:
spum decline tum down reject refuse

+ 4+ + + +

a lover
sb’s attentions
+ + sb's offer
+ a request
+ an invitation
sb’s proposal
an application
canc idate
+ a gift
+ sb acImittance
+ sb pa™ission
+ sb’s money
{Rudzka et al. 1981, p.47)
Indiscussing The Words You Need Carter (1887, p.170) notes that

“Pgychalinguistic support for the book’s method Is ... provided by
research reporied in Comu (1979) which indicates that individuals
tend to recafl words according to the categories or samantic fields in
which they are conceptually mapped.” Swales supports this view
when he notes that ieamers’ “’capacity for mental organization should
be utiitzed in lexical work both as a motivating factor and also because
ther~ Is evidence that schematized data Is easler to learn and retain
than cata that appears arbitrary and disordered" (1983, p.23). Harvey
is also enthusiastic about this type of approach: “... students like

+ + +

+ + + + o+ o+

+ 4+ + +
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playing with words ... particularty when organized on a thematic basis
...nseemlﬂ(elymatpooplomwyﬂndm“edgﬂdsam
matrices psychologically satisfying” (1883, p.245).

Channell, one of the co-authors of The Word's You Nead, notes that
merelsevwencefrompsyohdlngulstbstosuggewhammmhduses
" semantic similarity in clagsifying words, pointing out that "slips of the
tongue” made by native speakers are often not random mistakes, but
produce words from the same semantic field as the intended word.
She gives the following exampie: | have my book and my jigsaw ... |
mean my crossword” (1981, p.117).

Once again this lexically based course tends to have the appear-
ance of a work of reference, lnspneo!thefactttmthewosdstudy
sections are Interspersed with texts. The book's approach Is perhaps
overly explanatory and expository, not leaving much for the leamer to
contribute. Swales makes this point about the book, and
"getting ... classes to do some of the work"” (1983, p.31), emphasising
"theroleoflMLSPleamasanacﬂvepaﬁlclpamlnsdvhgpvouems
of lexical structuring” (ibid., p.32).

4.4 Designing lexically-based ESP courses

The organising principie of any course Is the syilabus cnwhich it Is
based. But a lexical syllabus ftself needs an organising principle. We
have examined in section 2 and throughout this study the criteria for
deciding on a fist of iems imporant pedagogicafly, io be used in
designing a lexical syllabus and lexical materlals, and we are suggest-
ing that semi-technical words should make up this list in ESP courses.
Slndakaﬂemsuggesﬂhatmedatagaﬂwred in lexical research
should be iiseif a lexical sylic *,us, giving an extract from their lexical
syllabus for the COBUILD course for the word by which gives very
detalled semantic and collocational information about this item run-
ning to a page and a half (1988, Pp.156-8). This seems too unwieldy a
body of Information for the title “syllabus”, which generally impiies
making abstractions from language. On the other hand, a simpla iist of
words as a syllabus also seems to leave something to be desired. But
i we take a list of words which we have determined are relevant peda-
gogicaily, we may then give shape to this list and form it into a lexical
sytlabus by ordering those ltems into groups, using notional catego-
ries, synonymy or morphology as organising principles. Approaches
of this type may be seen In some axisting courses. Price organised his
words into notlonal categories of shape, composition, etc. The Words
You Need uses synonymy to group words. The Right Word (Fowler
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1987) has two sactions, the first devoted to nouns, which are grouped
under notional /thematic headings: peaple, shopping, weather, health,
etc., and the second to verbs, which are grouped i synonymous sets,
6.g gaze, giance, fook at, regard, stare, waich. Morphology is ancther
possible organising principle. This has not been used at the tevel of
sytiabus in any existing course to my knowledge, but is used In
exorcises in Skilfs for Reading (Momow 1880), and also in Englis for
Cambridge First Centificate (Aisop 1979).

Aithough Johansson's work on the vocabulary of ieamed and
scientific English was descriptive rather than pedagogical, he has
made an interesting contribution to the elaboration of a lexical syllabus
based on semi-technical vocabudary. in making comments on “open-
class words characteristic of SE™, he groupsthese ltems into a number
of notional categories (Johansson 1975, p.22): “... words which ...
denote matters which we associate with sclentific exposition (discus-
sion, argument, result, conciusion, eéic.) or procedure (analysis, ex-
periment, measurement, ocbservations, test, etc.) ... adjectives de-
scriptive of a sclentific approach (empirical, axperimental, objeciive,
ic) ... statistical terms {sampie, sampling, probability, distribution,
random, significant, etc.) ... classification (class, group, type, specles,
fterns, factors, units, properties, characteristic, typical, etc.) ... rela-
tonal words (same, simliar, different, distinct, equivalent, equal,
averaye, normal, relative, difference, Increase, change, etc.).

Taking the list of semi-technical tems derived from the study of the
English of electronics (together with a few informal tems from the
general list such as get, included for the purpose of contrast with
formal equivalents, and technical words for comparison with semi-
technical squivalents, e.g. generate), | propose grouping ftems in
cynonymous and antonymous sets under notional headings, to form
part of a possible semi-technical laxical syflabus for an electronics
course (a simiiar approach couid be adopted for a common-core
course, using the LOB data):

Cause/Effect cause/make, alter/change, distort/affect, ef-
fect/resuit

Simiiarity /Ofaronce: same/similar, constant/steady, keep/
maintain/continue, differ/vary, altemate/oscillate

Connection/Separaiorn: connect/fin/comact, atract, remove,
replace, transfer, separate, reverss/deflect/repel

increase/Daciesse: Increase/rise/gain, decrease/lower/
reduce/fall/drop



Relation: depend, relate, proportion, compare

Production: build/construct/irake, produce/generate, emit

Meoasurement: measure, calculate, observe/note/study, ac-
curate, cofrect, emmor

* The above Is not a comprehensive syllabus, but some suggestions
which could be buiit on. Other synonymous or semantic sets which
could be treated together are:

turn/rotate /wind
determine/find/detect/obtain /get
though/aithough /however
show/demonstrate/illustrate /indicate /represent
usual/common/normal
need/require
around/about
provide/supply
area/region

control /operate
simple/easy

first/primary

act/perform
device/apparamus
instrument/meter
move/siide
part/component
section/piece
vertical/perpendicular
amount/quantity
way/means
bright/fiuorescent

Morphology could form the next level of organisation, presenting
the various derivationally and inflectionally related forms of an tem,

e.g. produce, produces, produced, producing, production, as n
Price (1975). We might consult our data in deciding which forms to list,
and which to glive priority. For exampile, the related noun product or
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adjective productive did not occur in the electronics corpus. Pro-
duced, with a frequency of 30, woudd seem to merit a greater degree
of attention than production, with a frequency of 4. However, perhaps
simply presenting these forms would miss an opportunity to engage
learners actively, as we could by using grids of the type found in Skiills
for Reading (Morrow 1980) a-d English for Cambridge First Certificaie
(Alisop 1978). Leamers could guess, or consult dictionaries or authen-
tic materials to fil in the blanks:

produce produces ovoduced producing production

.............. v, ShOWIDg
.............. moves
............................. connected .............. e,
............................................. changing ...............
MOASUIG  coooooeoves eveeveeiisiees rasrreenininine s
.............................................................. supply

VBIY s ereniinns et s
Y. 2 (PO USSP

The semantic and syntactic data in the detalled list for electronics
Engiish (Farrell 1969, pp.132-203) would be invaluable in devising ex-
ercises to make leamers aware of the pattemns in which the different
related forms of an tem are typically used in the target material,
particularly ¥ supplemented by full collocational data of the type
presentad in Farrel! 1989 (Appendix G, pp.207-212). Using the data for
produced (see section 3 above), for example, we might create an
exercise using semi-technical conta .s along these lines:

Fil In the blanks with produce, produces, produced, producing,
production as appropriate:

1. In crder 1o grow, plants need the energy ......... by the sun.
2 The...... of ofl In the Middle East has increased rapidly In
recert years.
3. A high proportion of smoke poliution ......... by domestic
fires.
4. Therubbertree......... a liquid which Is made Into rubber.
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Or, using the data more directly, subject-specific sentences could be
used in the above exoarcise if desired.

Semantic exercises on the synonymous sets of words could follow
the mode! of The Words You Need, incorporating Swales’ suggestion
of giving theleamer the opportunity to contribute to lexdcal structuring,
rather than simply presenting him/her with all the ‘nformation. Texts or
example sentences coulkd be supplied which would exemplify the
different semantic features of related items, and the learners could
then fill In the grids. Grids may be used to bring out overlapping
meanings of items and differences In coflocation, though as noted in
section 3, most semi-technical items seem to collocate with technical
items in the electronics material. Here Is an example grid on the set

alter/change/distort/affect 1o bring out overlapping meanings (the
grid has here been compieted by way of fliustration):

alter change distort affect

replace something +

cause a change in sthing + + + +
become different + +

cause undesirable change +

The following Is a coilocational exercise on produce/generate/
make/emit, using the detalled collocational data in Farrell 1989 (Ap-
pendix G, pp.207-212) in the case of produced and make:

produce generale  make emit
+ + noise
+ + heat
light
energy
sound
electrons
+ sthg vary
+ + electricity
+ a connection
+ an adjustmeint

,,.
+ + o+ o+
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5 Concilusion

it is hoped that this work has succeeded in showing the relevance
of lexical research to materials development in ESP. In spite of the
small scale of the investigation of the vocabulary of electronics Eng-
lish, some useful data has been produced. it would be interesting to
see whether very different results would be found if a considerably
larger corpus were stucied. A complete collection of collocations for
all Rems of interest, such as those presented in Farrell 1989 {Appendix
G, pp.207-212) for produced, make and connected, would provids an
extremely valuable body of data for subject-specific materials design.
This may be most rapidly achieved, of course, wherethe corpus is heid
in compuer-useable storage and the surrounding context of every oc-
currence of any graphic word can be instantly displayed using concor-
dancing procedures (Sincialr 16865, p.83). .

In addition, the examination of semi-technical vocabulary should
make a contribution to the continuing debate concerning the roie of
the ESP teacher, and also provide some useful data for common core
ESP course design with a lexical emphasis. A direction for future re-
search might be a large-scale study of a number of sclentific discl-
plines using computer facilities along the lines of the COBUILD project,
which would supply vastly richer information about the general vo-
cabulary of sclefice than the list of graphic words in the LOB Corpus
study.

Finally, it Is hoped that this work will help to redress the balance a
littie in favour of vocabuiary. At the very least, as McCarthy puts it: “it
has yet to be proved that giving vocabulary at ieast as much weight in
axercises ... as grammar ... Is harmful, siows progress, or mars long-
term achievement” (1984, p.14).
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APPENDIX A
LOB CORPUS SEMI-TECHNICAL WORD LIST

This Is a list of graphic words defined as semi-technical, derived from
meLOBCo:pusCategorlebi(Hoﬂand&Jotmnssmwsz), general
and technical itams having been eliminated. The words are arranged
lnmm(aderofﬁaquencymdmnge.umﬁmtﬂgambehgtheﬁ&
q&m\cyandthesooomuremnge.magmphicwommﬂelated
Ienmwiﬂdrocamadmﬁndecﬂmk:s&dtsh%echmwusm
Is asteriskad.

however® 157/68 fact 05/46 necessary* 74/38
per(cent) 145/33 level g5/26 similar* 73/44
form* 126/51 terms* 94/35 conditions* 73/34
point* 126/45 theory* 94/29 certain 72/44
resuits* 121/38 order g3/40 though* 72/38
field* 121/26 within® 93/38 means’ 72/28
area” 119/25 group 92/22 expefiments* 72/17
possible*  117/55  during* 90/42 result* 70/40
even*® 113/51 great* 90/41 against* 70/35
general 111/50 way* 89/41 show* 69/39
values"® 111/50 particular 88/40 process 69/28
fig.* 111/20 cata 88/23 almost 68/39
therefore® 110/48 cases* 85/29 seems 68/36
thus* 109/52 influence 85/22 changes*  68/26
different*  109/43 exampia* 84/42 least 67/41
system* 108/35 rate* 84/290 evidence 66/32
present 104/47 mcdnl 83/12 position* 66/29
value* 104735 rather 82/47 scale 66/19
effect® 100/40 tahle 82/32 functicn* 66/17
shown* 99/34 period 81/33 course 65/36
although*  98/48  individual 81/27 view 65/32
further 98/47  section* 81/25 required® 65/30
whole g8/44 method 80/32 length* 65/21
obtained* 98/34 surface® 80/23 temgperalure® 64/14
still* 97/50 (per) 78/19  whether 62/38
upon 97/30 type* 77/36 controi* 62/16
due* 96/32 change* 76/32 various* 61/36

solution 98/21 methods 76/<. problem 61/35



size 61/16 diflerences* 49/19 latter 43/32

end* 60/34 term* 49/19 generally 43/26
set* 60/32 place* 48/33 interest 43/26
information* 59/23 seem 48/31 stage 43/26
material* 58/27 assoclated 48/25 degree 43/22
act* 58/12 toial 48/25 fields* 43/15
describad 57/38 measured* 48/22 principle* 43/13
either* 57/36 sense 48/18 curve 43/10
shows* 57/30 side* 47/22 become* 42/29
range 57/28 mean* 47/19 factor* 42/24
functions* 57/10 areas* 47/15 law* 42/16
already 56/35 subject 46/28 action* 42/15
main 56/35 le* 46/25 clear 41/29
quite 56/34 significant  46/23 provided*  41/27
analysls 56/26 groups 46/21 appears 41/26
behaviour  56/18  points* 46/21 based* 41/25
Increase* 55/22 presence 46/20 |ust* 41/22
itself 54/28 forms* 46/19 distance* 41/15
yet 54/28 relative® 46/19 volume 41/12
knowledge 54/22 avallable 45/32 special 40/25
movement* 54/15 probably 45/31  likely 40/23
reason* 53/34 amount* 45/30 systams* 40/14
normal* 53/27 greater* 45/30 class 40/13
rule 53/11  equal* 45/27 suggested 39/27
particularly  53/9 series* 45/26 study* 39/26
concemed 51/31 know* 45/25 ftree 39/22
early 51/29 factors* 45/21 actual* 39/21
simple* 51/28 relatively 45/18 parns* 39/21
considered* 51/25 pressure 45/16 foliows* 39/18
unit* 51/22 Indeed 44/30 fallure 39/14
constant*  51/21 single* 44/30 Iintemnal* 39/13
development 51/21 account 44/29 considerable* 38/28
average* 51/20 siate 44/28 direction* 38/20
figure* 51/20 saveral 44/27 figures* 38/19
technique 51/14 extent 44/26 measure* 38/19

following* 50/34 common*  44/25 modem 38/19
perhaps 50/31 applied* 44/20 produced* 38/17

difference* 50/27 final 44/20 developed 38/16
complete* 50/25 apparent 44/19 design 38/14
according  50/18 structure 44/17 objects 38/10

expected 49/26 probabiiity 44/5 consider* 37/21
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e.g* 37/19
reference 37/17
eariier 356/26
purpose* 38/22
idea 36/19
elements 36/17
situation 35/22
added* 35/20
calculated* 35/19
retation* 35/18
types* 35/18
rates 35/16
occur* 35/15
selection 35/11
towards 34/22
reduced* 34/20
proportion* 34/17
investigation* 34/16
henco* 34/15
previous 34/15
effects*® 34/14
concentration 34/6
true 33/24
riga* 33/23
effective* 33/21
allowed® 33/20
support 33/20
activity 33/18
comparison* 33/17
pattermn 33/17
priimary* 33/18
rapidly* 33/15
source* 33/15
upper*® 33/11
classss 33/10
sound* 33/8
once 32/27
appear 32/24
basls* 32/24
compared* 32/22
limited 32/22

showed 32/21
obtain* 32/20
approximately® 32/19
middie* 32/18
chosen 32/18

maasuraments® 32/9

motion* 32/9
list 32/5
becomes* 31/25
certainly /22
kind 31/22
naxt 31/22
probiems 31/19
naturs! 31/18
things 31/18
linear 31/12
experimantai* 31/10
depth 31/8
addition* 30/20
observe* 30/17
examination 30/16
reported 30/14
shape 30/14
numbers® 30/11
properties* 30/9
called® 29/22
Increasing®  29/22
mentionad 29/22
real 29/21
held* 29/19
centre* 29/18
significance  29/19
fail* 29/15
practicai® 29/15
axplanatica* 29/14
initiai 29/14
stages 29/12
agreement 29/11
secondary* 29/9
interusting 28/21
separate* 28/21
)

approach

increased*

clsarly

mere
theoretical*
reduction*
space*
capacity
axperiment®
related*

became*
mainly
apar
attention
compietely*
doubt
drawn*
finaity
provide*
determined*
distribution

independent*

argumert
cause"
tend*
composition
transfer*

28/20
28/19
28/19
28/19
28/18
28/17
28/16
28/12

28/9

28/6
27/23
27/21
27/20
27/19
27/16
27/16
27/15
27/14
27/13
27/12
27/12
27/11
27/11
26/22
26/19
26/19
26/18
26/18
26/18
26/18
26/18
26/18
26/18
26/17
26/16
26/15
26/14
26/14
26/14
26/12
26/12



event 26/9
thickness 26/8
rdes 26/7
speed* 26/5
indicate* 25/21
" fully 25/20
nevertheless 25/20
reached* 25/20
discussion 25/19
discussed 25/18
c. Tesponding 25/17
aflected* 25/16
procedure 25/16
extended 25/15
supply* 25/14
research 25/12
concept 25/1
divided 25/11
sample 25/11
measurement* 25/6
throughout 24/20
marked 24/19
whereas 24/19
considering* 24/18
nearly* 24/18
sufficlently 24/18
satisfactory  24/17
standard 24/16
included 24/14
definition* 24/12
external 24/12
occurs* 24/12
height 24/10
mechanism  24/10
occurrence 24/10
liquid 24/8
programme 24/7
solid 24/6
load 24/5
established  23/20
nor 23/12

obvious 23/19
along 23/18
attempt 23/17
impossible  23/17
rest 23/17
assumed* 2316
direct* 23/16
regard 23/16
remain®* 23/16
equivalent  23/15
expression  23/15
produce* 23/15
techniques 23/15
received* 23/14
represented* 23/14
amounts* 23/12
product* 23/12
centrai* 23/10
concepls 23/9
spread 23/8
flow* 23/7
survey 23/5
noted* 22/19
introduction 22/18
appropriate 22/17
expressed  22/17
relevant 22/17
suggests 22/17
detai 22/186
slightly* 22/16
appeared 22/15
elc. 22/15
merely 22/15
uniess 22/15
application 22/14
recogniz 22/14
property*  22/12
potential 22/11
rapid* 22/11
component* 22/7
performance* 22/6

6o

manner 21/18
closely* 21 /17
detalls 21/17
directly* 21/17
indicated* 21/17
purposes*  21/17
require* 21 /17
depend* 21/16
hardly 21/16
Instance 21/16
maximum*  21/16
respectively 21/16
simply* 21/16
apparatus* 21/15
exactly 21/15
refer 21/14
accuracy* 21/14
grounds 21/13
highly 21/13
reasons* 21/13
weight 21/13
hypothesis 21/9
sclentific 21/9
subjects 21/7
no. 21/6
absence 20/18
examples*  20/17
recent 20/17
removed* 20/17
similasty* 20/17
drcumstances 20/16
determine* 20/15
placed* 20/15
immediately 20/14
strength* 20/14
condition®  20/13
variation* 20/13
consequently 20/12
limits 20/12
operation*  20/12
relations*  20/12
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features 20/11 isolated 20/8 objective 20/6
growth 20/11 temperatures 20/8 velocity* 20/6
object 20/11 divislon 20/7 displacement  20/5
occurred*  20/11 thermai 20/7 pace* 20/5
uniform* 20/10 Iinterpretation 20/6

APPENDIX B

ELECTRONICS ENGIUSH ALPHABETICAL LIST

This is an aiphabetically arranged list of all graphic words which were
grouped under a lemma with a total occurrence of over 5 In the
electronics English corpizs. The figure refers to the rank order position
of the lemma entry in Appendix C under which the graphic word has
been Included.

a
ability

abie
absolute

& ssolutely
about

above

a.c.
accelerate
accelerated
accelerating
acceleration
accumulator
accumuiaiors
accuracy
accurate
accurately
across

act

acting
action

acts

227
227

126
143

213
213
213
213
207
207
218
218
218

51
149
149
149
149

actual
actually

adding
addition
additional

affect
affected
after
again
against

alr

allow
allowance
allowing
allows

alter
altered

A ]

Y £

149
149

203

194
205

217
222
227
191
147
197
197
197
197
118

altering
alternate
alternately
alternating
alternative
although
aiways
ammeter
amrneters
amount
amounts
amp
ampere
amperes
amps
ampilification
amplified
amplifier
amplifiers
amplify
ampiifying
amplitude

S8

2222888

.



an
and

angle
angles
angular

" anode
anodes
another
any
apparatus
appliances
application
appited
applies
apply
applying
approx.

approximate
approximately

are
area

amm
armature
arms
around
as
assume
assumed
assuming
at

atom
atomic
attract
aftracted
attraction
attractive
aftracis
audio
average
back
balance

222
222

227
200

162

14
213
213
213

27
222
222
197
197
197
197
197
230
229
190

balances
base
basad
basic
basis
bath
battery
be

beam
beams
because
become
becomes
been
before
being
below
best
better
between
bias
black
biades
block
blocked
both
bright
brightness
bulid
buiiding
bulb
bulbs

but

by
calculato
calculated
calculating
calciudation
call
calied
can

(; )

wBRgaaes

222
216
216

74
219
229
225
171
17
172

217
217
196
196
104

13
124
124
124
124

25

cannot
capacitance
capaciior
capacitors
carried
cariers
carries
cany
carrying
case
cases
cathode
cause
caused
causes
causing
cell

cells
centimetres
central
centre
centripetal
change
changed
changes
changing
channel

cha:acterisiic
characteristics

charge
charged
charges
charging
chip
chips
circle
cCircuit
circults
clrcular
close
closed

25
41
41
41
114
114
114
114
114
149
149

152
162
152
152
106
106
110

222
222
47
47
47
47
230
223
2:3
22
22
22
22
214
214
15
15
15
15
123
123



compietely

conductors

considerably

conglst of
consisted of
consists of

123
123
123
110
218

181
181
181
163

CR.O.
CROs

crossed
crossing

crystals
cument
currents

d.c.
decrease
decreasad
decreases

decreasing

6o

113
213
213
207
207
224
224
175
175
175
175
120
120
120
223

199
128
128
224
224
152
224
224
134
134
227
227
227

defined
definite
definition
deflect
deflected
deflection
deflects
demonstnte

demonstration

dependent
depend on
depending on
depends on
detect
detectable
detected
detection
dstermination

determinations

determine
determining
device
devices
diagram

diagramatically

diagrams
dielectric
differ
diference
difterences
different
differentiating
differently
differing
difficut
difficulty
diode
diodes
direct
diracted
direction

R &

L8R RRerRER



Ted o

sarphone

earth
earthed
easler
easiest
easily
eas
offect
effective

224
224

230

213
74
74
74
74

228

228

149

149

149

218
218
218
218
217
217
217
191
191
191
224
222
173
230
184
184
182
182
182
182

effectivaly 84
effects 84
eg. 227
either 221
electric 39
electrical 39
electrically 39
electricity 39
electromagnet 183
electromagnetic 183
electron 24
electronic 24
electronics 24
electrons 24
electroscope 214
e.mif. 81
emisslon 71
emit 7
emits 71
emitted 14!
emitter 71
emitting 71
end 163
ends 163
energetic 38
energles 38
ensrgy 38
enough 216
enter 219
entering 219
eimters 219
equal 217
equally 217
equation 219
efror 159
errors 159
escape 220
escaped 220
essentlaf 221
essentlally 221
even 189

evenly

example
exampies

axperiments
expl.
explain

factor
factors
fall

falls

fed
feedback

fleld
flelds
fig.
figur
figures
fiament
flaments
find
finding
first
firstly

fixed

flles

flow
fiowed
fiowing
flown
flows
fluoresce
fiuorescence
fiuorescent
fluoresces
fiuc

189

148
148

70

217
217
223
223
169
169
212
166
215
31
31
10
10
10
101
101
123
123
168
168
228
228
229
61
61
61

61
214
214
214
214
192

67



goes

163

149
149
149
149

201
201
182
182
182
182
182
228
228

haated
heater

heating

here

high
higher
hoid
holds
horizontal
horizontally
hot

how
however
hydrogen
le.

#lustrated
llustrates
impottance
mportant

n\}
P‘

228
119
119

178
178
107
107

144
148
230
205

190
190
197
197
225

in
increase
Increased
increases
increasing
indicate
indicated
indicates
indicating

independent

independantly

induce
induced
inductance
inductive
inductor
information
Input
inside
instruction
instructs
instrument
insulate
insulated
Insulating
insulation
Insulator
insulators
integrated
intensity
internal
into
investigate
investigating
Investigation
lon

lonised
iron

Is

i

its



jockey
join
joined
jolning
joins
junction
just
keep
keeping
kept
know
knowing
known
large
larger
law
lead
leading
leads
leave
leaving
led

left
length
less
light
lightest
lighting
lightning
line
lines

it

little
load
long
longer
losing
loss
lost
fow
lrwer

225
126
126
126
126
126
203
181
181
181
226
226
226
102
102
212
190
190
190
223
223
190
223

175
103
103
103
103

103
224
178

199
199
199

lowest
magnet
magnetic
magnetically
magnetism
magnets
maintain
maintained
maintaining
maintains
made
make
makes
making
many

mass
material
materials
max.
maximum
may

mean
means
meant
meastire
measured
measurement

measurements

measures
measuring
metal
metallic
metals
meter
meters
meire
mid
middie
midway
mode
modui: te

-~

(<

23R BRBunnsne

S ¢
883

159
163
163
164
164
119
181
181
181
49
49
49
49
49
49
97
97
37

212
212
212
230
160

modulated
modulates
modulation
modulator
moiecile
molecuies
more

motlon

moved
movement

moving

much

narrow
narrower
near
nearby
nearest
nearly
necessary

needed
needle
needies
needs
negation
negative
negatively
neon

normally
notation
note
noted

number

160
160
160
160

228
78
78
42
42
42
42
42
42

210

145

223

223

184

184

184

184

122

122

122

229

229

122

230

212
212

130
130
130

g2
136



place
placed
placing
plate
plates
plot
plotted
plotting
point
pointing
points
polarise
polarised
polarity
pole
position
positions
positive
positively
possible
potential
potentials
potentiometer

potentiometers

power
powerful
practical
practically
prevent
preventing
primary
principle
produce
produced
produces
producing
production
properties
\ .ropeny
p.oportional
protection

196
196
196

190
190
190
108
108
108
166
165
165
165
199
199

57

57
162

34
34

129
129
222
222
217
217
230
215

37

37

37

37

37
221
221
227
185



protective
provide
provided
provides
_ providing
pulled
pulling
purpose
purposes
push
pushed
pushes
pushing
put
putting
quantitative
quantities
quantity
radiation
radio
radlus
rapid
rapidly
rate
ratio
ray
rays
razor
reach
reached
reaches
reactance
reaction
reading
readings
reason
reasons
receive
received
receiver
recelves

185
212
212
212
212
221
221

218
218

222
222
214
91
186
168
198
217
176
138
138
230
212
212
212
171
171
141
141
229
229
171
171
171
17

receiving
reception
rectification
rectified
rectifier
rectify

red
reduce
reduced
reduces
reducing
region
regions
related
relation
relative
relay
relays
remainder
remsins
removal
remove
removego
removing
repeat
repeated
repel
repelled
repels
replaced
represent
represented
representing
represents
repulsion
require
required
requires
resist
rasistance
resistor

~J
.

171

17

169
168
169
169
211

181

181
181
181
217
217
223
223
223
194
194
226
226
198
198
198
198
190
190
228
228
228
222

205
228
174
174
174
21
21
21

r.m.s.
rotary
roiate
rotated
rotatlonal
round
said

same

say
screen
second
secondary
secondly
section
sections
see

seen

]

21

21
121
121
121
168
168
168
168
214
165
165
230
227
227
227
227
212
203

203
168

224
168

semiconductor 178
semiconductors 178

send
sending
separate
separated
separately
separation
series

set

sets

230
230
216
216
216
216
206
124
124

71



saiting 124 source 125 swilches 69

settings 124 space 214 switching 69
ghort 219 spark 230 taken 144
shorting 219 sparking 230 takes 144
shouid 122 sparks 230 taking 144
show 36 speed 183 take 144
showing 36 sphere 142 telovision 197
shown 36 spheres 142 temp. 131
shows 36 spot 115 temperature 131
side 212 spring 179 temperatures 131
sides 212 steadily 164 tend 206
sideways 212  steady 164 tends 206
signal 138 st 180 tem 193
signals 138 storage 132 termed 193
silicon 1556 store 132 temms 193
similar 162 stored 132 terminal 100
similarity 162 straight 175 terminals 100
simiary 162 strength 170 test 207
simple 135 strong 170 testad 207
simplest 135 stronger 170  testing 207
simpiified 135 studied 217 testmeter 207
simplifying 135 sty 217 tests 207
simply 135  studying 217 than 162
since 130 such 161 that 20
single 222 sultable 185 the 1
sinusoidal 230 suitably 195 their 77
sikle 229 summarised 229 them 77
slider 229 summarized 229 themselves 77
slides 229 summarizing 229 then 65
sliding 229 summary 229 theory 227
slightly 216 supplied 50 there 136
slow 213 supplies 50 therefore 21
slower 213  supply 50 therm 109
slowly 213 supplying 50 thermal 109
smail 83 surface 218 thermally 109
smaller 83 symbol 223 thermlonic 109
8C 47 symbols 223 thermicnics 109
soft 225 system 139 thermocoupie 109
solenoid 115 systems 138 thermoelectric 109
80M9 111 switch 69 thermometer 109
sound 178 switched 69 thermmostat 109
72




these

they

this

those
though
three
through
thus

time

times

to

too
together
trace out
traced out
traces out
transfer
transferred
transformed
transformer
transfoiimers
transistor
transistors
transmission

transmissions

transmit
transmitted
transmitter
transmitiers
transmitting
tried

tries

triode

try

trying

tube

tubes

turn

turmed
urmning
tumns

TV

i1

i1

180
217
67
157
59
59

224
202
230
230
230
168
158
17
17
171

58

146
146
146
146
146
146
146
227
227
230
227
227
127
127
105
105
105
105
197

used

using
usual
usually
value
values
valve
valves
variable
variaiion
variations
varied
varies
variety
various
vary
varying
velocity
vertical
vertically
very
visible
voit
voltage
volts

105
105
105
225
226
171
217
217
182
116
116
116
116
116

18

18

18

18
195
165

199
199
62

62
62
62

151
133
133
112
219
12
12
12

voltmeter
voitmeters

wave
wavelorm

wavelength

way
ways

wele
what

whenever
where
which
why
wide
widaly
width
will
wind
winding
wire
wires
with
within
without
work
works
wotid
wound
write
writing
written
you
your
yourself
zero
zinc

28

b  web

22828838338

-t
(3]
~

119

222
222
222

35
35
121

229
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APPENDIX C

ELECTRONICS CONDENSED RANK FREQUENCY LIST

Thistsallstdaniemnmrapmsemm“tomioccmenoeotmomman
Std(msmmeelewMEngﬁshcapus.mngedmrankorderot
ﬁwww.mwﬁgmummmmm
hsqumcyandmesooondmemngawmmwnhttmsamefr&
qmyandrangeshareamrﬂ(posluon

1.the  2034/10

2.8 879/10
3.8 850/10
4. of 692/10
5.10 439/10
6. and 394/10
7.0 367/10
8. current  284/10
9 It 207/10
10. fig. 207/7
11. this 188/10
12.voltage 161/9
13. by 149/10
14. a8 145, ")
15. clrcult  140/10
16. with 134/10
17.0n 121/10
18. used 119/10
19. from 117/10
20. that 112/9
21. resistance 112/6
22 charge  111/8
23. has 108,10
24 glsctron  108/7
25. can 104/10
26. for 98/10
27. at 97/10
28. coll 97/6
29. magnetic  92/8
30. i 90/10
31. figdd 90/8
74

32 which  89/10
33. or 86/10
34. potential  86/7
35. you 81/9

36.shown  80/10

37. produced 79/8
38. energy 79/6

plate 79/6
39. glectric  78/10

make 78/10
40. wire 77/8
41, capacitor 77/6
42. moving 75/8
43. not 70/10

will 70/10
44. when 69/10

45. connected 68/10
46. fiequency 68/7

47.change 65/10

80 65/10
48. osclilator  64/7
49. measure 63/8
50. supply  62/10

value 62/10
51. across 62/7
52. ong 60/10
53. output 60/9
54. we 60/8
55. base 60/5
56. direction  59/8
57. positive  58/8

[

58. transistor  56/2
59. time 53/8
60. wave 53/7
61. flow 52/7
62.varying 51/10
63.ac. 50/7
64. see 43/9
65. then 48/10
66. amplifier  48/6
67. through 47/10
68. negative  47/8
69. switch 47/6

70. experiment 46/7

71. emitter 46/6
72. collector  46/2
73. two 45/9
74. between  45/8

do 45/8
75. beam 45/3
76. alternating 44/7
77. given 43/10

they 43/10
78. more 42/9
79. high 42/8
80. force 41/5
8i. emf. 40/6
82. anode 40/4
83. small 39/10
84. effect 39/9

Increased 39/9

line 39/9



low 39/9
cathode 39/9
85. screen 38/4
86. same 38/10
87. only 37/10
88. whai 37/9

89.called  38/i0

90. diode 35/6

length 35/6
91. radio 35/3
92. now 34/8
93. heat 34/7
94. deflection 34/3
95. difference 33/8
96. applied 3/7
97. metal w3/6
98. induced  33/3
99 baiance  33/1
100. terminal ~ 32/7
101. flament  32/4
102. large 31/9
103. light 31/6
104. but 30/9
105. p.d. 30/7

turn 30/7

type 30/7
106. cell 30/5
107 horizontal 29/6
108. other 28/9

point 28/9
109.d.c. 28/7

thermionic 28/7
110.cm. 28/3
111. some 27/9
112. very 27/8
113. constant  27/7

each 27/7
114. carrier 27/6
i15.solenoikd  27/1

spot 271
116. up 26/8

117.ammeter 26/5
118. also 25/10
119. graph 25/7
may 25/7
would 25/7
120. control 25/6
121. passes  24/8
result 24/8
zero 24/8
122. needed  24/7
should 24/7
123. found 24/6
closed 24/6
124. calculate 24/5
set 24/5
125. source 23/8
126. about 2377
junction  23/7
127 tube 23/5
128. core 23/2
129. battery 22/7
power 22/7
130. conductor 22/6
note 22/6
since 22/6

131. temperature
22/%5
132. stored 22/4
133. vertical  22/3
134. CR.O. 22/2
135. simpie 21/8
136.number  21/7
there 217
137. obtain 21/6
138. ray 21/4
signal 21/4
139. system 21/3
140. open 20/6
141.reading  20/5
142. sphere 20/1
143. above 19/10

7 Oy

144 because 19/8
how 19/8
takes 18/8

145. must 19/7

146. transmitter 19/4

147. all 18/8

148. form 18/7
example 18/7
howaver 18/7

149, acts 18/6
case 18/6
down 18/6
gain 18/6
opposite 18/6

150. peak 18/3

151. velocity  18/2

152. cause 17/7
could 17/7

153. common 17/4

154. ampiitude 17/3

155. sllicon 17/2

156. voltmeter 16/7

167. thus 16/6
where 16/6

158. transfer 16/3

159. error 16/2
mass 16/2
path 16/2

160. modulated 16/1

161. such 15/8

162. around 15/7
greater 15/7
possible 15/7
simiar 15/7
than 15/7

163. component 15/6
end 15/6
following 15/6
happens 15/6
material 15/6

164. maximum 15/5
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steady 15/5
165. pole 15/4
rises 15/4
166. feedback 15/2
167. Insuiated  14/8
168. first 14/7
reverse  14/7
second 14/7
169. device 14/5
falls 14/5
roctifler 14/5
work 14/85
170. strength  14/4
171. block 14/2
grid 14/2
reactance 14/2
recelver  14/2
transformer 14/2
uniform 14/2
172. both 13/9
173.consists 13/8
174. any 13/7
required 13/7
175.continuously13/6
less 13/6
operate 13/6
pant 13/6
straight 13/6
176. ohm 13/5
ratlo 13/5
177. wind 13/4
178. held 13/3
Iron 13/3
load 13/3
samiconductor
13/3
sound 13/3
179. spring 13/1
180. depends  12/7
still 12/7
though 12/7

way 12/7
181. complste 12/6
consider 12/6
keap 12/6
means 12/6
reduced 12/6
182. easily i2/5
generator 12/5
untl 12/6
183. speed 12/4
elactromagnetic
12/4

184, earth 12/3
near 12/3

185. photo 12/2
protective 12/2

186. radius 12/1
187. over 11/8
188. another  11/7
189. even 11/6
indicated 11/6
plece 11/6
190. back 11/5
Blustrated 11/5
lead 11/5
plotting 11/5
repeat 11/5

191. ak 11/4
drop 11/4

192. flux 11/3
193.termed  §1/2
194, aerial 11/1
relay 11/1

195. amount 10/7
compare 10/7
suitatve  10/7
usually 10/7

196. buib 10/6
placed 10/6

197. allow 10/5
afttracted 10/5

198.

199.

200.

201.

202.
203.

205.

207.

important  10/5
TV. 10/5
decreases 10/4
rapidly 10/4
remove 10/4
copper 10/3
hence 10/3
lost 10/3
position  10/3
valve 10/3
armature 10,2
compass 10/2
demonstration
10/2
gate 10/1
together 9/7
added 9/6
before 9/6
just 9/6
occur 9/6
said 9/6
. alter 9/5
always 9/5
amp 9/5
brightness  9/5
affect 9/4
lLe. 9/4
meter 9/4
parallel 9/4
push 9/4
represents 9/4
. distance 9/3
galvanometer
9/3
oft 9/3
series 9/3
tends 8/3
accumulator 9/2
contacy 9/2
picture 9/2
test 9/2



208. gun 9/1 explained  7/4 goes 6/4
2089, many 8/7 independent 7/4 practical 6/4

210. much 8/6 page 7/4 quaniity 6/4
why 8/6 prevent 7/4 replaced 6/4
211. paper 8/5 rate 7/4 single 6/4
red 8/5 region 7/4 write 6/4
therefore  8/5 study 7/4 223.apparatus 6/3

212 becomes 8/4 three 7/4 characteristic
detect 8/4 unit 7/4 6/3

fed 8/4 218 accurate 7/3 conventional
law 8/4 coated 7/3 6/3
mid-point  8/4 cut 7/3 every 6/3
normal 8/4 drawn 7/3 factor 6/3
provide 8/4 intensity 7/3 internal 6/3
reach 8/4 often 7/3 Investigate 6/3
round 8/4 put 7/3 leave 6/3
side 8/4 surface 7/3 narraw 6/3
213.acceleration 8/3 219 angle 7/2 purpose 6/3
assuming 8/3 bias 7/2 relation 6/3
construction enters 7/2 symboi 6/3
8/3 equation  7/2 224 contalns 6/2
dider 8/3 information 7/2 comection 6/2
instruction  8/3 oxide 7/2 coulomb  6/2
siow 8/3 shorting 7/2 discharge 6/2
214, chip 8/2 visibie 7/2 due 6/2
electroscope 220. drain 7/1 litte 6/2
8/2 escape 7/1 secondary 6/2
fluorescent 8/2 tiywheel 7/1 too 6/2
radlation 8/2 22t condition 6/5 225. bath 6/1
rheostat 8/2 either 6/5 blade 6/1
space 8/2 essentlal 6/5 integrated  6/1
215. few 7/6 property  6/5 impedance 6/1
principle 7/6 pulled 6/5 jockey 6/1

216. best 7/5 222 again 6/4 perpendicisiar
enough 7/5 approximate 6/4 6/1
separate 7/5 atom 6/4 soft 6/1
slightly 7/5 below 6/4 ultra-violet 6/1
217. after 7/4 centre 6/4 226, dlagram 5/5
build 7/4 come 6/4 known 5/5
drive 7/4 difficult 6/4 remains 5/5
equal 7/4 during 6/4 under 5/5
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227. able 5/4 molecule  5/3 width 5/2

against 5/4 perform 5/3 zinc 5/2
area 5/4 repulsion  5/3 230. audio 5/1
cross 5/4 229.absolute 5/2 channei 5/1
e.g. 5/4 average 5/2 diglectric  5/1
here 5/4 black 5/2 distortion  5/1
cbserved 5,4 crysial 5/2 earphone 5/1
proportional 5/4 determine 5/2 hydrogen 5/1
rolary 5/4 files 5/2 mode 5/1
theory 5/4 ion 5/2 naon 5/1
try 5/4 malntained 5/2 primary 5/1
228. defined 5/3 mutre 5/2 razof 5/1
doped 5/3 needle 5/2 r.m.s. 5/1
fixed 5/3 pin 5/2 send 5/1
function 5/3 pivot 5/2 sinusoidal  5/1
get 5/3 reason 5/2 spark 5/1
gadually §/3 saction 5/2 traced 5/1
haif 5/3 slide 5/2 tricde 5/1

instrument 5/3 summarised 5/2

APPENDIX D
ELECTRONICS ENGLISH GENERAL YYORDS

This appendix divides the list presented in Appendix C into three
separate lists of general, semi-technical, and technical lemmas. Each
list is arranged in rank order of frequency and range. in the case of the
semitechnical list, ali lemmas representing graphic words which
occurred on the LOB Corpus semi-technical list are asterisked.

GENERAL WORDS
the In on for
Is it used at
a this from if
of by that which
to as has or
and with can you




make
moving

when

across
one
we
time
see
then
through
fwo
between
do
given
they
more
smail
line
same
only
what
called
length
radio

heat
large

light
but
cther
some
very
each
up

may
would
passes
zero
needed
should
found
closed
about
there
open
above
because
how
takes
must
all
down
could
whera
around
than
happens

first
second
strength
both
any
keep
means
easfly
untll
speed
another
alr
impornant
TV.
together
beiore
always
off
picture
test
many
much
why
paper
red
round
slow
few

best
enough

after
page
three
cit
often

put
again
below
come
difficuit
goes
write
every
leave
comection
little
too
soft
known
able
cross
here
try
fixed
get
half
black
width
send

ELECTRONICS ENGLISH SEMI-TECHNICAL WORDS
(lemmas aisc on LOB semi-technicat list asterisked)

fig.*
shown*
produced*
connected
change*
measure*

supply*
output*
direction*
low*
varying*
emittar

-

alternating
high
effect*
increased*
iow
deflection

difference*
metal
balance
turn

type*
horizontal
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ccasiam*
carrigf
spot

also
control*
resuit®
calculate*
sett
source*
junction
tube
core
note*
since
temperaiure®
stored
veriical
simple*
number*
obtain*
syslera”
reading
sphere
transmitter
form*
example*
however®
acts*
case*
gain
opposite
peak
velocity*
cause*
common*
thus*
transfer*
emor
path
such
greater*

possibie*
simiiar*
component*
Wt
following*
material*
maxhmum®
steady
rises*
reverse
davice
falis*
recelves
uniform*
conslsis of
required®
continuously
less
operate
part
straight
wind

heid
sound*
spring
depends on*
still*
though*
way*
complete*
considart
reduced*
near*
protective®
over

even"
indicated*
plece
ilustrated
repeat
drop

termed*
amoum"

sultable*

placed*
aliow*
attracted
decreasss
rapidty*
remove*
he ce*

lost
position*
demonstration
added*
just*
occur*

said

aiter
brightness
affect*

lLe.*
parailel
represents”
distance*
tends*
comact
therefore*
becomes*
detect

fed

law*
mid-point*
normai*
provide*
reach*
side*
acceleration
assuming*
construction

instruction
space*
principle*
separate*
slightly*
build

drive

equal*
explained*
independent*
prevent
rate*

region
study*

unit®
accurate*
cce ‘ed
drawn*
intensity
surface®
angle

enters
Iinformation*
shorting
visible
escape
condition*
either*
essential
property*
pulled
approximate*
centre*
during*
practical*
quantity
replaced
single*
apparatus*®
conventional
internal®



Investigate* diagram thesory* dotermine*
narrow remains* defined* flles
purpose* under function* maintained
relation* against* gradually reason*
symbol area* instrument section*
contains* eg.* perform* slide

due to* observed* repuision summarised
secondary* proportional*  absolute distortion
perpendicular  rotary average* primary*

ELECTRONICS ENGLISH TECHNICAL WORDS

current
voltage
circuit
resistance
charge
electron
coil
magnetic
fleld
potentlal
energy
plate
glectric
wire
capacitor
frequency
oscillator
value
oase
positive
transistor
wave

a.c.
amplitier
negative
switch
experiment

collector
beam
force
emlt
ancde
cathodse
screen
dicde
applied
induced
terminal
filament
p.d

cell
point
dc
thermionic
cm.
solenoid
ammeter
grapn
battery
power
conductcr
CR.O.
ray
signal

ampiitude
sflicon
voitmeter
mass
modulated
pole
feedback
insulated
rectifier
work
bloclc
grid
reactance
transformer
ohm
ratio
Iron
ioad
semiconductor
qgererator
electromag-
netic
earth
photo
radius

ck
lead

plotting
flux

aevlal

relay

bulb

copper

valve
armature
COMPAss
gate

amp

meter

push
galvanomaeter
series
accumutator
gun

divider

chip
electrosrope
fluorescent
radiation
rheostat

blas
equation
oxide

drain

8i



flywheel impedance pin neon
atom Jockey pivot razor
ctaracteristic  uitra-violet zinc rms.
actor doped audio sinusoidal
coulomb molecule channel spark
discharge crystal dielectric traced out
bath ion earphone trioge
blade metre hydrogen
integrated needia moade

APPENDIX E

THE ELECTRONICS ENGLISH CORPUS

1. Barker, B. G., 1881: Foundation Electronics (London: Nelson),
pp.89-91, 2000 words.

2. Bishop, O. N., 1881: Physics: A Practical Approach (London:
Macmillan), pp.324-7, 2025 words.

3. Siaddin, M., 1983: Elementary Electronics (London: Hodder &
Stoughton), pp.72-6, 2032 words.

4. Nelkon, M., & J. M. Ogbom, 1978: Advaiicnd Level Practical
Physics (London: Heinemann), pp. 146-53, 2098 words.

5. Ne. .on, M., & P. Parker, 1882: Advanced Level Physics (London:
Heinemann), pp.801-10, 2000 words.

6. Dawvies, D., & D. McCullough, 1881: Physics for First Examinations
(Edinburgh: Holmes McDougall), pp.200-5, 2000 woras.

7. Jardine, J., 1972: Physics is Fun (London: Helnemann), pp. 78-83,
2000 words.
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mann), pp.87-94, 2000 words.

9. Pople, S., 1982: Explaining Physics (Oxtord: Oxford University
Fress), pp.312-6, 2009 words.

10. Jardlne, J., 1884: Higher Physics (London: Helnemann), pp. 146-
50, 1853 words.
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